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(54) [%W<D%ffi R-Fe-BJPfr±«*X«Etttt 



(57) [£#] 

Iffl&m ±fflJS^-C**Fe 14 R : B,ffi (fflU 
£#8 7. 5 ~ 9 7 . 5 XT* 0 . *±»Xtt*±SU: 

w&&m<mmm&%m.mi$tf o . 1 ~ 3 %x-h * 

f&»bLXZrkBbfrt>%tZrBte&m* NbiB 

T\ #0±K-£&4H::® 9 £ o T hZr B-fba 
ft. N b B^ft, &tf H f Bft£fta>&jM«r*l6<{fc£ 
ftlSIWfb*dSIIB*< 5 0 At m LT V>4 i 

t R-Fe- B^±S*A«ffi*m. 
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Rli4-&< t 1 «Oft±S7G*£5jt*- ) tf)#££«§ij 
£#8 7. 5-9 7. 5%TfcO. «±aX«*±»i: 

3is^E^iHbft^?R££AS'J£# o.i~3 %xhh 

RF e BjRBffi^fciSV^T , K£&<Z>&»I>M , fc± 
l&frfcfCZrfc B 6 ZrB-ffc&ft, NbfcB 

iK^NbBft^li, &l/Hf iB i Hf 

ft, N b Bft£ft. H f B-fC-^J^fegltfni.^ 
WBlaftrtlllHtf 5 0^ mJaTT*3-fc#tt LT IM» £ 
1 5:#®t-ri) R- F e - B»*±S»AHFB*TO. 
[M**2] iaglOO)umJa±<OFe,«R2B,«<0 

t 3 %htc* h mm i K»^usRB*m. 

[fi*«3 ] OStWtttfB rtl 2 . 5 GJ2LL fttt 
*i HcAU OkOeJJLL, ASit4x (BH) max 
/BrW. 9 5J3Lh-C*Sil*IlXtt2ia«0* 

[lt*£4 ] R F e B S*W#$T\ 
R2 7-3 3%(fIU Rfcfc*±Ji7C*tf)imXtt2« 
tUl^^-t*^ Nd£l 5~3 3%-£W-T&) , Co 

0. 1-10%, BO. 9-1 . 5%. A 1 0. 0 5- 

1. 0%. CuO. 02-1. 0%, Zr, Nb&tXH 
f j&»&afcffh.43C*0. 0 2-1. 0%. CO. 03- 
0. 1%. O0. 05—0. 5%. NO. 002-0. 

mm. 2Xtt3iE»tf)*A*5*m. 

[fM0l£NI&K9i] 
[000 1] 

[00 02] 

mw&iT&m $ fix a o , ^Mtflnta* 

R*S*iTV*4. £ii&<o*±»*AHffitf)rt, R-F 
e-B*«±»*A,WBtt. *iJ«3-'^h«?5teJt^ 
T iKjcST* S N d S m J: 0 « s h £ i: , 

c o z&mzmm i^v: t ^K*m*#3Hrca 

[0003] ZCDfctb. R- F e - B&fciJ&k 

xma^w^^^mumttix^h. R-Fe-B 

**jBiOS<. BrIiBV*', (BH) max^-HJ- 



[0004] #&BJ?{4±iB¥ffi£|g*&£ft£kW-t\ 

< . satett^R - f e - BmiMfcrnsmzm 

[0005] 

Co, A 1 , Cu, ttUZZ r , N bXteH f 
*t4R - F e - B3R»±SbkABffi+fc«iW*Z HI: 
£ft, Nbft^ftXttHfft^»*%-fc^ttfC*faj 
S*6Ci:fc:J:0, ±tffi»«XSTiBW6Nd3Ra 

[0006] HfcBittSi:, R-Fe-B3R*±»lc 

[00073 EP*>. *##ftt* jfcfcJI*Lfc»§l!2 0 
00-234 1 5 l-taWITSfi^fcaO. Cu^R 

- f e - Bm±m*m&i,zi5^x®tzizi}\iz-mM 

Si t fc J: 0 , (Br) £;FF_L#3-B\ 

ffsaaj ( i hc ) t*«(ci«p«*4ii:*«rKr** 
ztm%ititi\ miz®mm<ofa±.zm&teihizw. 
mM*nm>min&mzyz#>tz tz.b, zrB^ 

ft. NbB^ftXtiHf B-fh^ft*8ffi'ft8WI*o 

[ o o o 8 3 jsrr, s^p l < * . 

*mnR-Fe-B%%±Mfcmzm mi. r 

(4. «±JHjc«^)lfiXtt2iltUi**t. ) it. ±ffl 
«»Tft 6 F e , 4 R 2 B , fflWflPtt®««|^ 8 7.5- 
9 7. 5 %T'*> 0 , #±«Xt4#±« t All^)lMt 
ftOffft^fifiJ^'O. l-3%T'S>l»RFeB^iaS 

fcBfcj&^^rSZrBft-^ft. NbtBt*^^l>Nb 
Bft-gft. ai^H f tBtfrt>%ZH f B{t-^ft^A,S 
tfill»-fb-^ft*\ ¥£}®125umttTX\ A*o±E^A 
0-^-5 -CffS-TSZrB-f^ft. NbBft^J. 

O/imWT-C^-t^lfcLTV^ifc^^Stfc-ri.. 
[0009] ±IBRF e B&W6&&lZ1^Xi&'<>& 

RFeBM£6&&<7)wmm*. m&timth 

R U -y f-ffltt . F e , , R 2 B l ffiC0^ B Q H &*$r ? 'J - 
-y/L, f4^^ft^ B a B ^^K l 9l^<-i:{cJ; 
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x. ^hmsmm^tchfr^t^x. wbg& 
'jrmvRv vi-mx-z ztummtrnzmm Lxm-<n 

mSffi®m±.<?)Ej!ib%& . HRfc . Ft 'J 7 ^fflfiiS 

ttr*&JtA, wwm&xwMmtxmizmt 
u Rfflwmzm&ixRv y^mrmixit 

RJRkRJBU Kttk LT?i»£;ixftk, S^ffliitf) 
ft. «9BDRaf*<0*v>«a^<^c*5:*ttli6affi*f» 
BWW#tt«rf»*fctt. tttlgSrilLTRU 

WWI»»4>ji»bfc««TffV\ #«tt<0N d 'J yf-ffi 

ffl F e 1 4 N d 2 B , *>*£TS ftrtfft^ < L . «tt« 
fl±*<0<c>*ift. 

[00 10] U6»U iW±d*IWfcRJBR6±fc:«I:*N 
dlg^fflffSM^^i^^SJrai^eci-t. -e 

[ooin «was-ctt. fSM&^aiSRjcfci-j-c* 

k c J: o xtfm&*cr>g.m3Lm I . mtti. znt 

[0012] ttte^awsBtti^T, msmmrnm 

ft. ;««WWr«*i*i±i:Bi«c. M&w&TLtt 

ftttw ft©#ti-ena#*^xPis-C'j> -3 t . ^* 

fc J oTtt«3fc 9*«JW*3#'h3 < &ft k . 8fftf> 

^-tfffiTl-T^kfrft. 
[ 0 0 1 3 ] ft&N dG&S^J; 5*8*- ijx- 

fc«Htfjfcfc*& < ftSOT, T# ftfc*ttl£fleo/h$ ^ 

«8S**<#4 U \ < =5: ft t«-9TflWtt 

< &ft<9«: . t&b££ L-CttSfc 0 ^ffiBS* 1 
ft k . fl^T«W**0*riBi: fcftftMS?* 

M<oflqBl*3W*< &ftfctf>k#;i £ftft . 

[0014] teWfitc&a Dt«P*W«r< &ft N d 

* ft (i t* n d mammizm< zzt^mztizw. 
Tt 2ju m^^fttsfls^aawRft k %z *>ti ft . 



[0015] ±» w: J: 5 tc, mmxmcDmmza^ 
x. mmt. mMtoWB&tttfmttik*tz. m 
WG<nwai®m±<?)fcMzm® 
mmmxh ft t>K m^nvm<r>tzMz\,mm.<r> 

t . s^^»BP*>^ B B B a^^{iWx ft c: k 

[0016] L>U N d0)1slsm&)?%< U g^I 

S-c^)lifl:*«iifci««fttNd«5fc*Jv^«. NdK 
ftit* t T-s*<*ft. «rs6<o»sflfit3&««as 

<«t*ms. <e^0J£H2 0(a), ( b ) 

name*-*-**, c«j:3(cs»js^L)tis*aii. *> 

kit «BE^Nco^ B B H S*^& < $rft*£fc , Sm* 
[61 k teH& ofctfflttKfl&M&fl"*- ft*§-£* 5 £>ft . 
[0017] 02 0(a), (b)m^T7y*-l. 

kimmztiz. mtoi&fot>%^im<nk*<%'*'c 
t&-y rz^Mummfi^m-ixio o . ta*i-c 

[0018] i<oa[i|*ttBffi«JSt*i»tsrailMi*, * 

±^k ITZrt BA^^rftZ r B-fb-^ 
$k NbtBt^SNbBft^i, Hf kBk*>^ 

e@kLT5/xmmT-C% ^fc^+tiO^ot 
^f!±3^ftfi^raii* { 5 0^miyTT-%-t^Sj§^ft 
ItWoTMU^ BP*., :«J:3*ZrBft^ 
ft, Nb B-fk-^fe. X«H f Bft-&ft<0%-!flrfMftfc«fc 
0, tttSWt^oSuSftSffftTSMRWtcfiiiftC:*:*^* 
/i. ZrB^ft, NbBf^ft, HfB^ft« 

ifj-f ftfb^fBIBjitf 5 0 mmTT-*)-{3^Sc§*ft C 
k fe J: o-C . RK-fbttJ; 9^3r^*r^fc8ja£*W 
iftik^f^ft. lOJco^ZrB-fb^Bj, NbB-fb 

Hf Bfls^tt^sftacioT, ^uMfe^KH 

5r0s S@* { 1 0 0//mJjLhk=5r^T^ftFe u R 2 B l 
3 %JilTk t ft I k #T*# ft . 

[0019] m±coj: d K. *%wm±m&mm 

mH . ft F e , 4 R 2 B ! ffl<0flRt« *W^*« 

87. 5%*^97. 5%T'£>oT, **o*fe*dHHX 
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0. l%frt>3%X'$>&!$¥f&RFeBm&5£&lZ}3 
V vt , l££&^£JRfflli4H=±j£ftfc L-T Z r t B *> 
S>fr&ZrB<ffc£4iL NbfcBk*»fe*4NbB'(b* 
ft. atXH f fc B bfrtth H f BflHMfe0>6&tf*l£ 

i <o*iji*Aaflsi5mtc*sv rc , ana* 1 o o ^ 

m£Lhk ! 6:orv^Fe,4RtB 1 ia^)E*»»flRfttt 
*», £IHIllt£fMctt LT#«S*§iJ£T' 3 XJ0ITT* 

[ 0 0 2 0 ] ±IB#±S*ABffi£&{;t *W 

m&tix. mm&ftmx\ 

R=27~33%, ^tC28. 8-3 1. 5% 
Co = 0. 1-10%. mzl. 3-3. 4% 
B = 0. 9-1. 5%. WZO. 95-1. 15% 
A1=0. 05-1. 0%. #£0. 1-0. 5% 
Cu = 0. 02-1. 0%. «ffcO. 05-0. 3% 
Zr, N b&VH f frt>mi,£tL$>7iM= 0 . 0 2-1. 
0%, fttCO. 0 5-0. 3% 
C = 0. 03—0. \%.mzO. 03 — 0. 08% 
0=0. 05-0. 5%. mzO. 05-0. 4 5% 
N = 0. 002-0. 05%. ttfcO. 002-0. 0 
4% 

mz, ^&<n^m®frhtchii<r>x'hz>^ttfft£.L 
[0021] zzx\ mm±mjtm<r>ohimxii2 

mUcXi>iZkt:^tifi. mi<l±Pr, Nd, T 
b. Dy, Ho<754»*»4>»tr*U Nd£±jR#(C-£*rt 
&Zktfi#tl\\ mzG&Wft. Nd$rl 5-3 3 
wt%. mzl8^3 3vft%tt'tZ>Zttfft£l 
v\ i<^*^, Rli±j£U:J:d£27-33wt%# 

*r*-*#, 2 7 w t %*)i-c"(i i h c com^m 

CHmLKK&iSttltfhltito* 27-33wt%t 
I 0 0 2 2 ] *W»t*JV»T F e c7)-^Sr C o X-MMt 

sctit Tc (dfiU-tt*) »i«»«<o±-c*«rc 

Co#0. lwt%*)l-C14TcK#<0^** { 
a* HB*#*LT0. l-lOwtXtti 

[0 0 2 3] Bli. 0. 9wt%*ilT'J4i Hc<7)^ 
ij c £L<%:i>t5*titi s 1b r )* 1. 5wt %3rj@*..g, h B 

roa^*qru< s 5rs*i-eti* j fc*fcft, o. 9-1. 

5wt%ttSCt*^V^ 
[0024] A 1 (4. h ^jWtfCMA ( i H 
c ) Z±MZ&&±X'lfflX'b&tf. 0. 0 5wt%* 
STCtti Hc<^iO*>$&»^*fciJ«5r<, 1. Owt 



*>. 0. 0 5-1. Owt%fc-T^-i:*UV\ 
[0025] Cuti, 0. 0 2wt%*}l-C'liiHccO 
iijDCO^*^t^<. 1. 0wt%*jai4fcB 
r^«^*^#<^Sfc-?-<l^fcl)^. 0.0 2- 

1. Owt%bi-&zttf£\ l \ 

[ 0 0 2 6 3 Z r , N bRVH f *»<bStfflS7C^(4, 

c u tnmamaizx vwmimmmmmf. miz 
mfm&^vmz i h c comMzwktfhh .0.02 
w t i h c <7)mw%>%mmz&t!:< . 

1. 0wt%£j^&fcBr<3j|^#;*&<fr4i3*ft 

tfhhtzfr. 0. 02-1. owt%^-r^>^t*u 

[0027] «3fr£F£»±, 0 . 0 5 w t %*gfCJ43i 
B;l*fci8^>^##*fe!lf<0Z r B-ffc£«L Nb B 

itsm. Hf B^^«*-aMc*rais**«!i«i:Rit» 

*£&J**-*fctf>, 0. 0 5-0. 5wt%t1-|,C:t 

[00283 D8R*«tt, 0 . 0 3 w t %*ffi?im 
tffi&Z%')%<ft§mtf£<%<. tt:0. lwt%£ 
«i*i:«ISft&VftStt3W8<. mz\i&W.-t>£®& 
Zlki.iSZtliffohtztb. 0. 0 3-0. lwt%tt 

[00293 mm^An. o . o o 2 w t %$mx'\± 

Ji«9SK:* l 9a<ftStt* t J:<*<, ifcO. 0 5wt 

m-Z&h&Ztltffo&tztb. 0. 0 0 2-0. 0 5w 
t%t-r^ifc* J J:v\ 

[00303 *mUzm^&Cu tZr, N bXteH f 
(4, flWk LTfflV^ftSFe-^A l 

Ti>£\\ set, ft*v^i«ei 

S+teaX-f* 0 . 2wt%UlT^*^La, Ce, 
Sm, Ni, Mn, Si, Ca, Mg, S, P,W, M 
o, Ta. Cr, Ga, T i CV&mZ*mi<DMkim 

[003 1 3 *WB»*AJKB«fHi. f^^SHMCT 

&tz-&&mmmu mmcom&izixm^ 
&c\ti>x'*h. 

[0032 3 ^mizXtHI, R-Fe-B-CuM 
^-XtL, S<iJ*tf)Zr, NbX(4Hf ^^tfR- 
Fe-B-Cu-Zr. NbXJiH f ^£7)-gc7)a^lE 
HfcfcvvC, t»». MM, Ktcffittjl 

si o m^&x-mmtz ztizz*), mimm 

S (Br) ^LJttDnS-ti:, ftBtfj ( i H c ) $r^l6(C 

- 6 o r/£(f h z\ t tfx-% h t> <7)X-$) & . 
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[ 0 0 3 3 ] flSoT. *WW<0*ABf5tm*i, 
»»tt#B rt'l 2. 5 GJil±. iHciUOk 
Oetti- ^Sib4x (BH) max/Br^'O. 9 

4. 

[0034] 

AWEWRfctiVVC , -e<7)F e 14 R 2 B^tfffiFfcgiS! 

[0 0 3 5] tUSUIflfcLT. Nd, P 

r, Dy, «fi|ft. Co, 7in#ny, A 1 , CuR 

Ifcfc LT. fi«JtT'2 7Nd-2Pr-lDy-BA 
L. Fe-3Co-lB-0. 5A1-0. 2Cu-X 
Z r ( X = 0 , 0 . 2 ) 0>«J*fcE£«, Mv-fri&ft 

miz* 9 ftbtuzG&z + 1 . o ± o . 2 

k g f / c m* OdORSHftifi'? JtoMfcJGSfcfrV \ 1 
0" 2 To r rJ5lT«?33tffi+T7 0 0°Cx 5B$|3|OR*£ 

ffifciffliWJfcLTO. 08wt%C0;tHyK£V$df 

1 0 k O e £)BB#*TS!|6] L . 
tt4Mc£E#A£ 1 . 2 t o n/c m^ETJT'jSS! 
U 1,0 2 0*Cj&»6 1.10 O'CT' 

2«*ISL ArW«U SEfcUfrfflUfef*, 5 0 

oxmWB, Ar#H^,>ft«aL, &«<r>mL<n 

ftO. 03 1-0. 043. 0. 009-0. 017, 
0. 1 0 5-0. 186wt%T**o*:. 
[0036] f!4>ftfc8$tfttt«)i£S£0 l-3£* 
•T. «*&^fc«MJttf>W«*JU4:. ZrlW (it 
«W) fcL 1, 0 2 0 o Ctl, 04 0°CX'8mtKhV> 
\&ftWfttf*tl?tl 0. 9 5 4 t 0 . 9 5 5 T* 0 , A 
BrSWtl, 0 2 0°C(412. 9 5k 
G, 1. 0 4 0°C1413. 2 4 kGT* 9, 1, 0 20 
t^pWB r {4*+#3rffiT'*£ . <Di , Z 
r^LAOftaffittaXtt 1,04 OTOtM; b 
tfhfri . Z r aftOAtt 1.04 OXJfc 1.06 

O'Ct 1 , 0 8 0'CTB r . iHc, A&itifibi&tfc 

Wc, ffcSWHS&Kttt, Zr^jna^^B 

rT'lOOG, i Hctl k O e tiflnLTfc 9 . Zr« 



[0037] 4fc. 04 (a) , ( b ) e>*BS*tf)flfefc 
«£jtS>fc. ZrilLS, (a) 5 0 0 u mOJMMt 

jrjws* 1 ; 2 mh h z t wbfrh . 

[00 38] Hfc, EPMAfcJ:*7C*^***5.* 
i: . Z r^nft{4KfI#'5,umirF?>Z r Bfl:£ft#5 

o u m&rofflmx'-mzMfrK flf as ut a o . 

r b Kifi±&9tX'hZ>Zbifhfr'>1Z.. 

[0039] z.i\h<r>zbfrh, zr£»anu 
x. muffljR&imL. m®%mm.mmx^& 

Zbtfhfrh. 

[004 0] [IStt0!2] HifSKflfcl/t, Nd, T 
b, Co, 7jO-fDy, Al, Cu&t/7x 

oS^a-jL^AfcttfliU Zr^SDCO^rllOit^tU 
T.S*itT'30. 0Nd-0. 5Tb — BAL. Fe 
-ICo-l. 1B-0. 7A1-0. lCu-XZr 

(X=0. 01, 0. 3, 1. 2 ) 0nHUfi|CSdtt. ft 
JMWSJBU *»«IHHc«W- fcifcfcj: 0. 

Ztit>mm?y*7> HVX'W® 

aaw^s(=%« 1 5 k o e ^58#4»fieif] l , 

BSWtSE^^t 0. 7ton/cm2 C0E7JT'«M 
L. -eixcO^Mf*:^ 1 , 0 2 0^*^1, 10 0°CT-2 

mi. Ar#H^4"-cmu set^Lfca. 600 

0. 081-0. 092, 0. 003-0. 01. 0. 
0 5 8-0. 08 1wt%t*ofc. 

[004 1 ] ftMxfc«JM#tt<Ottft*05~7 IC* 
«ISa«i:ftSJt<0lWffi*llS t . Z r 0 . 0 1 ft 

it. l. 0 2 0 c cti, o4ox:-c«aiLfet<o{4fta 

Jt* 5 -?-^-e"n0 . 956fc0. 955-C'*0. Afff* 
hifi, Br*SStl, 0 2 0X:{il3. 0 7kG. 

1, 040°Ctil3. 46kGT'J>0, 1. 0 2 0°C!& 
^n D pC0B r J^-[tt6«iaUC*6 . Z r 0 . 3p a n 
{41, 0 4 0'Ctl, 0 6 0*Ci:l. 0 8 0'Ct'Br. 

iHc. fimktffisb*%ib£?tzBkftX*b 0 . ftiSM^ 
il*H* t 4 0*C* ft JS^s Z r 1 . 2n a p 
{41, 0 4 0 5 Cfcl, 0 6 0rkl, 080'Ct-Br, 

iHc, nmiumib'mMrr. wmimm.mH o 

'ObhZbWbfr&ifi. ZrO. 3 flWttrtf B r ? 1 
3. 60-13. 66kG, iHctl5. 0-15. 
5kOe<?5«E»Mftt**#feiX , C*J l 5, ZrO. 3ft^ 

[0042] EPMA£ift7aR#*|&«*JU> 
t . ZrO. 3 p D p{4Bg^' 5 wmJ^TOZ r B-fb^W 
5 0 m mmTO^PST'-«{C|B^< ffi LT V^o - 
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Z r 0 . 0 1 mm&fi 5 fx mlTROZ r Bft^ft 
^SOjwmJaUiCOiaPHTffajLTfcO. ZrO. 3 n D pt 
Jfr^!> f:«=F-*S tXttTV^. 55tc, Z r 1 . 2 A 
ttfiS**5jumJaTWZ r B<fb&W#5 OjumJjTROlB 
HrCfffittl/O>S0*. Zr^>«Snl*^'t* , *fc«>» IK 
»«ftt#Z r 0 . 3 at Jt^S k «flrt-4*B«fcft 
fc. EPMAfcJfcJtJMttfOSlS*. :«ZrB 

ft^ftti Z r t B #±J«#T* Sit tz . 

[0 04 3] £ii6*>£fca»&. »BI6*4>lClffg** 5 ju 
mKT^Z r B^C^Sr 5 0^ miaT*>BHrC-«fc*i 

[0044] [HJSW3 ] *^*Z-&3&ft*flfflf S 
£fcTKfc*W»ttfc*lC*fc. J2lT0>4ow3&ttW3 

- 1 , 3S»W3 - 2 , HJSW3 - 3 . mffi.M3 -4 fcfc 
wen. |fflbfefraftdAkJft«^ffl*«**SWIS«* 
TJ>Os #&AWJ|ln-/l4&fci£fc:J: OfNKU +0. 

5-+ 2 . Okgf/c m*W#*J?ffl&#t k *3&ft3& 
aSrffVV 1 0- 2 Tor rOTc7)*^4'T-5 0 0 ,> CX3 

[0 04 5] *&^9 0wt%t9WJ2rl Ow 
t%ff*U jFWJtLT^rryyKSiSSrO. 05 

flL £ft4>wat»*J«S§Sil<o^fc**U 12kO 

e cmft#vmfo u a»fc*ia*flifc o . 5 1 o n/ 

c m*tf)JE}rCJ£SU -?-n^M*Sr 1.02 0'C*> 
&10lGfe(Cl. 10 0 < C4t2^3, 10"«Torr 

OTojtsamw'Tfliisu jcfe»aLfcfi» 500 

•CT 1 >HB. 1 0 - 2 T o r r OT^E2«Bf^T« 

[0046] mmm3-i 

*&&t±aSJtT3 0. ONd-BAL. Fe-4. 6 
Co- 1. 4B-0. 2Al-XZr(X=0. 0. 
5 ) OffiSfc. BMte-£ttMJfcT3 6 . 0 N d - 1 
0. 2 Dy — B A L. Fe-25. 8C0-O. 2A1 

- 2 . 4 c u commz in. m^mmmit 2 9 . 7 n 

d-1. ODy-BAL. Fe-6. 7Co-l. 2B 
-0. 2A1-0. 24Cu-XZr (X=0, 0. 4 



5) T"J>&. 

[0047] HfifeffD-2 

#£&lifi*ifrC2 8. 4 N d — B A L. Fe-1. 9 
Co-1. 3B-0. 4Al-XZr (X=0, 0. 

4 ) omrnz, 6. 9 n d - 1 

0. 2Tb — B A L. Fe-30. 2Co-0. 6B- 

0. 3A1-3. 2Cu ommz itz . m.i5&<mm$. 

29. 3Nd-l. OTb-BAL. Fe-4. 7Co 
-1. 2B-0. 4A1-0. 32Cu-XZr (X= 
0, 0. 39) T*4. 
[00483 Hiififf!l3-3 



S-&^{±fi*itT'2 7. 2Nd — BAL. Fe-0. 9 

co-i. ob-o. 2 a i nmmz, mt^ixt 

Jfrt'50. lNd-9. 4 D y — B AL. Fe-23. 
9Co-l. OB-0. 2A1-1. lCu-XZr 

( x = o , i . i ) om&iz Ltz . m.-&&e>mm& 2 

9. 5Nd-0. 9 D y - B AL . Fe-3. 2Co- 
1. OB-0. 2A1-0. lCu-XZr (X=0. 
0. 11) 

[0049] HMCT3-4 

#££tt**JfrC27. ONd-1. ODy-BAL. 
Fe-4. 6C0-I. 3B-0. 4Al-XZr(X 

= 0 , 0 . 45) commz, 5 . 

5Nd-9. 8Tb — BAL. Fe-29. OCo- 
0. 3A1-2. 3Cu-XZr (X=0, 0. 45) 

mmzitz. m^its zr^i9^±tzr^tm 

Ltz. &£&»Sj£tt 2 7 . 9Nd-2. 3Dy-l. 
OTb-BAL. Fe-7. OCo-1. 1B-0. 4 
Al-0. 2Cu-XZr(X=0. 0. 4 5 ) T* 

[0050] tt&*lfc|gj|lfcjt 1 -4 fcijc*-. H 1 ~4 

j; mmM3- 1 , sim^b - 2 . mmM3 -3. mm 

r . iHc> ftffiJt*«Jncot <o J: 0 fcWvttJ 0 , 

LT ^6 
[005 1 3 



zr a 




Br 


iHc 


ft SI Hi 


0 


1,060^^^ 


13.63 


12.8 


0.968 


0.46 


1,060-1,070^ 


13,64-13.61 


13.2- 13,8 


0.963-0.966 



[00 52] [H2] 



mmw 3-2 



Zr a 




Br 


iHc 


ft 3L tfc 


0 


i.oeot:^ 


13.46 


12.6 


0.967 


0.39 


1.060-1 ,080^ 


13.63-13.61 


13.3- 13.8 


0.969-0.964 



[00 53] 



[£3 3 



(7) ffl2 002-75717 (P2002-7-A) 



nmm 3-3 



Zr a 




Br 


iHc 




0 


i.oeo'Cto^ 


13.58 


13.1 


0.966 


0.11 


1,060- l.osot; 


13.61-13.66 


13.7- 14.1 


0.961-0.963 



[0 0 54] 1^4] 



mmm 34 



Zr £ 




Br 


iHc 




0 


1 ,080*0 CO ^ 


12.88 


16.9 


0.966 


0.4B 


1,080-1. loot: 


12.92-13.02 


17.1-17.7 


0.961-0.963 



[00 5 5]^. EPMAfcJ*7C*4Mli«£JS,.& 

k , umb - 1 . - 2 , «tfi«3 - 3 . mm 
m 3 - 4 c7) i ^-rno^-c- 1, zr a^Attsstf 5 

mHT<0Z r Btt£ft*<5 0 mJaTWISHTCHRIONi 

H, :«ZrB -ft^ftti Z r t B 4<I k# 

fc. 

[0 0 5 6] Ztl^OZtfrb. ~&&mz&^ThZ 
J®pg£j£(f T v*-4 £ k *«*>3&»4 . 

[0057] [nssw4] uuamtLx* Nd, p 

r, Dy, Co, 7xn;fCo>', A 1 , CuS 

T. MJtT*26 . 5Nd-2. 2Pr-2. 5Dy- 
BAL. Fe-4. 5Co-l. 1B-0. 4A1- 
0. 5Cu-XNb(X=0, 0. 2) <Dl&mzW,-& 

+ 1. 5±0. 3kgf/cm 2 <9*S«Bm*-e*S 
ftWMStf^, 1 0" ! To r r£lTf)SS>t>T8 0 01C 
x5l$ia<OlBi*«i!PI*ffo/i. 

TV*4. f&&ftfcffl»fcWt»lfcUtO. 05wt%<7) 

xf7y yKSis §r v s *v-xm& l . mzmmm, 

+$/x -y h 5;WCT¥%^@3>umgStfi»^L^. 

**>bl ztibnmm&mmmv&mizxML. 1 5 

k O e <0«ff 4>tlBl*l L . BMMcSBarto (CO. 5 t o 
n/cm«<Offi*rCBE!!U *<l4>«tfaif*t 1 . 0 0 

ox:** 1 1 . 0 8 o*c-c2i$ra. a r#Hm*T&*g 

*. S*£#JU±. ZtiZtlO. 0 6 1-0. 07 3. 

0. 019—0. 027, 0. 095-0. 116wt 

%xh->tz. 

[0058] mhtitz®$mn!L<7M%£ms'^ 1 o ic* 

1, ooo°cki, 0 2 0x:xm&i>tzi><wzftmittf 

ttlftlO. 95 1k0. 9 5 5?*9, ftJHFt**4 
Br£jl4fcl. 0 0 0*C{il2. 8 7kG. 1, 
0 2 0°C{±13. 2 3kGT'£>9. 1. 0 0 0°C4£$SA 



^Br«;F+#&ffiT'£>4. Z<?)Zbfrt>. Nb&lUn 
^ftjf^^ti 1.020 •coat* I. ; k 
4.-*, NbSAlAttl. 0 2 0*€kl. 0 4 0"Ck 
1,06 O'CTB r , iHc. ftSUtJ&%ifSMfcWC 
&#T$> 0 . itt&&aXM#4 0 4 i k 

4. jgfc. ftaMftts&«-?tiu ubma&co-KWBr-c 

80G. i HcT500Oe tt#D 9 . NbOjSSsDa 

j&*fl»irv^;k 

[00 59] ffi&W<F>m%mzi:ht. Nbilt 
A ( a ) \&®5 0 0 ju m^W&J«^ffl*»i<0ffl« , C2 
#m&4£k#*>*>ort:„ 

[0060] mz. E PMACi 47C*4tflif6£j!.4 
k> Nb jfe&DAliilg* 5 5 ^ mlTRON b B ft£tJ# { 5 
0 u m OTcOBBH-C-atCilH** < *f tB L T ^ tz . * , 
EPMAfci6}g*#flrtf)f8SI, lONbBft^ftlJN 
b t B#±j£#T*&4 £ k ofc. 

[006 1 ] Ztl$>COZbfr$>, NbfcSanU MS&ft 
<Nc N b B <WtlJS*4iktcJ:o 
T, JIS8JS£*fl«!lU flUHttHUM*J&f-C»£ 
ik*%*»4. 

[0062] [JWtW5] aillMSkfr. Nd. T 
b, WK, Co, 7iD!|fny, A 1 , Cu&tf7x 
o^j^TH&ttJBU Nb«SiaiOWtfcLT. fi»Jt 
T29. INd-O. 2Tb — BAL. Fe-2. 7C 
o-l. 2B-0. 4A1-0. 5Cu-XNb (X = 

0. oi. o. 57, i. is) (ommzn^k. Sffl 

jsummwz. z.tLk<r>wm75v>$)vx!wm 

1. jsicB^gg^^'x «y r-sA-raasu ymm 

§Stt0£ffl£3fc* t , 1 2 k O e <0«*+-CiB|6] I . « 

1 . 2 t o n/cm20E^'MU 
*#UDjSffitt£ 1 , 0 0 0*C*»iol. 0 8 0-CT'2^f 

1 0-"To r rOT«l^«L, K(C 
#»Ufc», 5 0 0 o Ct'lB#[g, 10- 2 TorrHT<7) 

*fe . , Clit^C7)R-Fe-B «*A«5«SICtJ 
ttS««, OS. HMitt. «1«10 .0 3 0- 
0. 038. 0. 027-0. 04 1. 0. 328- 
0.4 1 8wt%t*ot, 

[0063] ft btLfcms&mcomkim 1 1 - 1 3 tc 



(8) H2 002-757 17 (P2002-76A) 



y*t. mm.tnm.<mm^hb . Nbo. 01 

At*. 1,00 Q°Ct 1,02 O*Ce#HSLfct>0>Jifc 
SJttf-etVfflO . 9 5 1 k 0 . 9 5 3 T* 9 , &*F? 

BrfcjUkl, 0 0 0°C«13. 3 7kG. 
1, 020*C«:13. 55kGT$>0. 1. OOO'CM 
&,BK9Br{i&W4fg|S]fc*>4. NbO. 57 

Attl. 0 2 0*02:1, 0 4 0*Cfcl, 0 6 0°CT'B 

r , iHc, ftmmwizmwrrfcfm~ch o . a* 

tt&&«Nto<4 0*C*6 Z. t ifihfrh . 35fc, N b 1 . 
15JWil, 0 2 0*Ci:l, 0 4 0°Ctl, 0 6 0XTC 
Br, iHc, ftSHaW&WHM"**, «aWWMMEfi 
*«4 0X;*4ii: . NbO. 5 7A^r^B 
rtl3. 65-1 3. 67kG. IHCC14. 9~ 
15. 2kOe<9B^#tbWtfc*lTfc 1 !). NbO. 5 
7 ^»jiK>D##ftivt ^4 i k ifihfr 4 . 
[00 64] ifc. EPMAfc.i47aMMffllfc.ft* 
fc. NbO. 5 7f B (i»S* i 5^mmrONbB'fb^ 
*i5 0//mWT<7)Sll-C-afcWK«faiLTV^. H 
fc „ N b 1 . 15 Att&Stf 5 u mWfcON b B 
&5 0u mJaT<0iaB"C9f tti LT V v£*>\ N b <7)^« 

m-rz&t:#>* wsm&tfN b o . 5 7 At jt^* fc 

fflj^flSfafcSWc EPMAfci4SJI**f<0te 
a, iIONb B-ft&ftfcfcNb fc Bj&«±lK^T*4; ttf 
bfr-otz. 

[0 0 6 5] ztibtoztipk. sasfls+fcag^s/* 

m£TR)N b B<ffc£ft£ 5 0 ju mJaT^HPHT— »fc* 
3&><«faj§«4ifcfcJ:-3T. Uttt&JfcBfcJWiiJU « 

[0066] imme ] *fW!*-*Ai6tflffl-*'* 

i fc T1g$r4ifiP&ttfc*K*fc. WTO 4 6 
- 1 , Hit«6-3. H$feCT6-4fc*3 

»^Wi*n-;PflU«£t:J:9fWU, +0. 
5~+ 2 . Okgf/c m*^)**»ffl«it>'C**^bKl 
S*frt\ 1 0" 2 To r rJMTcOKS+T'5 0 0 e Cx3 
B*ISI<0*Bl**«ffll*1f-5fe. ifc, 

mm i . *ftmmmiz®m iztizx*) rnmmtz . 

[0 0 6 7] ftfc, #£&£9 2wt%fcffi>tf£8wt 

%ff*L. aifffflktrx-f ryyiffittfco. 0 5w 
t%aaraL-cv 5 u stSBRsat+^x 

•y h 5^fcT¥^S4/xmg*0«|»£ftfc. 
flL £*l&*5t^£J«S*»£>^fcft«U 12kO 
e OfiMWCEiai U 8#fcSiS*-|*]fc 0 . 5 t o n/ 
c m**)KrCjaSS!U **ltf»S£Stt«: 1,02 0«C#> 
^10°C»fcl. 1 0 0XJ4T2B5IBL 10" 4 Torr 
JaT^Jtffi#H»+"C«aSL. ICML^i. 5 00 
'CX' 1 >HIL 1 0 " 2 T o r r OTO A r #*£Ha«fC 



[00 68] mmm6-i 

#£&«**Jt"C27. 9 N d - B AL . Fe-7. 3 
Co-1. 3B-0. 2Al-XNb(X=0, 0. 

4 ) ommz, m^tm&itxs 6 . o n d - 1 

0. 2Dy — BAL. Fe-25. 8C0-O. 2A1 

- 2 . 4 c u commz uz. ®&m<7)%mi 2 s . 6 n 

d-3. IDy-BAL. Fe-8. 8C0-I. 2B 
-0. 2A1-0. 2Cu-XNb (X=0. 0. 4) 

[0069] mmm6- 2 

M^MiMMttX'28. INd-l. 2Tb -BAL. 
Fe-3. 7Co-l. 2B-0. 4Al-XNb(X 
= 0, 0. 7) Offl^fc. m^MiSAitX-3 6. 9 
Nd-10. 2Tb — B AL. Fe-30. 2Co- 
0. 6B-0. 3A 1 -3Cutf>«USfcW:. &&&& 
ffl^{428. 8Nd-2. 0Tb — BAL. Fe-5. 
8Co-l. 1B-0. 4A1-0. 3Cu-XNb 

(X = 0, 0. 7) x°hh. 

[0 0 70] nW.M6-3 

*££teS*JtT'2 1 . 2 N d — B AL. Fe-0. 9 

co-i. 0B-0. 2ai cr>mmz. w^mi 

ttX'47. 2Nd-8. 9Dy-8. 7Tb —BAL. 
Fe-22. 5Co-0. 1A1-1. 4Cu-XNb 

(x=o, i. o) omuzitz. M£mcom&iz2 

8. 8Nd-0. 7Dy-0. 7Tb — BAL. Fe- 
2. 7Co-l. OB-0. 2A1-0. lCu-XN 
. b (X=0, 0. 1 ) X'h&. 

[0071] mme-A 

#£&«aMttt"C2 7 . ONd-2. 5 D y - B AL. 
Fe-4. 6Co-l. 3B-0. 4Al-XNb (X 

=0, o. 4) ommz, mt^MimMitx-3 5. 5 

Nd-9. 8Tb-BAL. Fe-29. OCo-0. 
3A1-2. 3Cu-XNb(X = 0, 0. 4 ) £>IU£ 
fcUc. UGH. Nb$rL*££fcNbfcUfttt, &V 
N b h 0 tNb$>r)mZ ttifttiffe Ltz . m. 
£flW>»ftU;2 7. 7Nd-2. 3Dy-0. 8Tb- 
BAL. Fe-6. 6Co-l. 2B-0. 4A1- 
0. 2Cu-XNb (X = 0, 0. 4) X'hh. 
[007 2] *#4>ftfcj!^£fc5~8fc5rf. «5~8 

x *)mmme - 1 , mtm6- 2 . mm,me - 3. m. 
m 6 - 4 CD v YftwHfeT* % Nb^aarau^twaB 

r , iHc. ^Sit*«.jDCDi, O J: 0 t ffi^Tfc 0 . 

jEtcwnK^uesw t n b fc^jp-r^ r t fc x m± 

IX^&Zbtfbfrb. 
[0073] 
[fS5] 



(9) 132 002-7571 7 ( P 2 0 0 2 - 7@G5S« 



m&m 6-i 



Nb S 




Br 


iHc 


331 tt 


0 


l,040t:*>* 


13.24 


16.8 


0.962 


0,4 


1,040-1.080% 


13.28-13.33 


16.6- 16.8 


0.961-0.966 



[0074] 1316] 



SHEW 6-2 



Nb fi 




Br 


iHc 




0 


1,030%^^ 


13.46 


16.6 


0.964 


0.7 


1,030-1.070% 


13.64-13.61 


16.3- 16.8 


0.966-0.969 



[0075] [*7] 



lam 6-s 



Nb fi 




Br 


iHc 




0 


1,030*0 CO ^ 


13.68 


16.1 


0.961 


0.1 


1.030- 1.070% 


13.61-13.66 


15.9-16.6 


0.961-0.967 



[0076] [SI8] 



mmm 6-4 



Nb fi 




Br 


iHc 


A 31 Hi 


0 


1 ,040%^^ 


13.66 


14.8 


0.969 


0.4 


1,040-1,080% 


13.66-13.72 


15.5- 16.1 


0.967-0.970 



[0077] Sgfc. EPMAtckSjSIMMMRSrfiS 

t , HM1016 - 1 , mt&me- 2 , »hbi6 - 3 , nsfi 
M6 - 4 no^-c-i . n b%M(*ig£# 5 ^ 

H, CON b B fltetoli N b t B 6 i t # 

[0 0 78] Z.ixh<T>Zbifih. ~£&ftfc*5VvCi>N 
bfcjHinU «aS*«t»CNbB«(b^ftSr-*fc:i|B*><W 

[0079] [HifiW7] mzmmbbx, Nd, p 

r, Tb, mWfc. Co, 7in#oy, Al , CuS 
tf7inA7-a">AS«fflL, Hf ^flUOWiEOjt^ 
£ LT , MMJtX' 2 8 . 5Nd-l. 0Pr-0. 5T 
b-BAL. Fe-4. OCo-1. 3B-0. 4A1 
-0. 5Cu-XHf (X=0. 0. 4X7MJ6.IZW& 
ft, Kn-^SCi 9-&£*»fc. &t>tvk&&& 
+ 2. 0 + 0. 5kgf/cm*tf5*«»HSR4>'C** 
flaSItfrV^, 1 0" 2 To r rIilTOKS+t'4 0 0'C 

ti, **ffc • BWt*WltcJ: m<^l»fc4-> 
T^S. fllfe^fflttfcSPWtfflfcL.'CO. 0 5wt%c7) 

ft, £ft6<0«»£jS£ia<0^fc£«U 12k0 
e «BMMiTKl*lU BMHcMCfirrtC 1 • Oton/ 
cm2»^T«L. W->OjSSfls£ 1 . 0 00'C 
*»4>1. 0 8 01CT2SJISL ArJJfflftifrCBBSU 5S 
(CftfflLfcft, 5 0 0XrCl»*ltL Ar#l^t« 



-Hx-etlO. 05 1-0. 06 3,0. 0 
29-0. 037, 0. 1 35-0. 2 1 6 w t 

[0080] #4)<Ut«««fttO»j|l* 0 1 4 - 1 6 fc 

fi, 1, 0 0 0'Ci:l, 0 2 0*CtiMU>:t«JftI 
it^'-eil-fil 0. 9 5 1 b 0 . 9 5 5 TS> 9 , 
hhK BrJll.il, 0 0 0*C{S12. 9 3kG, 
1, 0 2 0'CJil3. 4 3kGT'£>9, 1. 0 0 0r^ 
te£hcr)Brl£T-+ft%mX'fol. Z(DZtfrt>. Hfi 

ishommtmmziz 1.020 xwx-x-h set 

H f SsJPonfi 1,02 0°Cfc 1 , 0 4 0°C 
b 1 , 0 6 0-CT'B r , iHc, ftltfl^i'^(fct!"f 

80G, i HcT70 OOetiJPl-TioD, Hf<7)^jD 
[0081 ] ifc. JK*Sflc<0«3e«*^.* k . m mi 

[0082] St, EPMAKJ:67E***flltJl4 
h, Hf ffiftDAtilf S;ft< 5 /* mOTOH f B 5 

E PMAfcJ:*j»#fftf)*6*, f Bfc£»ttH 

[0 083] Ztlt><DZtfrt>. Ht&ffinb. M&tt 

•t, *«8jS£*«*ou mmmmmzmfx^z 
[0084] mmm8] mmMtix. Nd, p 



(10) 12 002-75717 ( P 2 0 0 2 - 7@-rA ) 



r , Dy, qgffift, Co, 7iD#ny, A 1 , CuR 
#7x0^7-* tfAfcffifflU HfmaM^mit t 
T\MltT28. 7Nd-2. 2Pr-l. 2Dy- 
BAL. Fe-3. 6Co-l. 2B-0. 4A1- 

0. 5Cu-XHf (X=0. 01, 0. 41, 1. 2 

2 > *>!iij£fcE£ft. ffiffl»$ft*u *<§mmmizmm. 
com. ztibmmmgimv&mizitmi. i5k 

O e <7)W.R*xm t , mmzmmufo to. 7 t o n 

/c m 2 ?)ffi}lT-j£Mt , -etlO^MftSr 1 . 0 0 0X3 

o8o°ct"2b#h, Armm^xm^t. w. 

KftSJtfcf*, 6 0 0X:-Cl«ria» Ar#i^« 

«r- f e - B^mmm^zmhm. mm. m 

ttiftio. 0 3i~o. 04 1, o. o 

23~0. 040, 0. 228-0. 4 11wtXt* 

1 o o 8 5 ] ft fenfeawwttoemsrH 1 7~ 1 9 tc 
^-r. fl&K^fcftgttanffi&ju t, h f 0 . 01 

At*, 1,00 0°Ct 1,02 O'C-dRttL.fet^ift 
SJt#*ivWl0 . 9 5 1 1 0 . 9 5 3T'£> *) , 

BrfcJUfcl. 000°C(il2. 93kG, 

1, 0 2 0'CJ213. 3 5kGT'J>9, 1. 0 0 0*08 
ISiftWB r fc&fciN&ffifofc&S. H f 0 . 4 1 
Attl, 0 2 0'Cfcl, 0 4 0'Ctl, 0 6 0*CT'B 

r , iHc, ftsit*96^t-frrfcii»Tft o , mm 

ti&fflffl&tf4 0'Ct>&Zbifi*>1)*&. JEfc. Hf 1. 

2 2AU1. 0 2 0*04:1. 0 4 0*04:1. 0 6 0'CT' 
Br, i H c , aHJtoWftif Mtotf , ftaffitfflXNI 
#4 0°CS>l>«r btftofr&W, H f 0 . 4 1 n a B »3j>'B 
rt'13. 45-13. 47kG, iHcT13. 2— 
13. 5kOe^EM1#1x#^ilTi>D, Hf 0. 4 

l i&cos&flnc^rt Wi/t v ^ z t l> . 

[00 86] ttz. EPMAtzXlT&tMBKt&h 
b. H f 0 . 4 1 AttB&tf 5 /z mtlTOH f Bfc&V® 

if 5 o »m\x?(?>m&x-mznfr<-vx#,ix^tz. % 

lZ > H f 1 . 2 2f n (iEfl*>'5 KmtlT^H f B-ffr&ft 
*»5 0 jumOT«BIII'C*faJL-CV^3& t . H f O^AuJt 
t&-ti*ht:lh. WSm&tfH f 0 . 4 1 Jfcfclt^4 4: 

tun, ZcoHf Bft^WiHf fcB#±j&JK*S>S£4: 

[0 0 87] iiX^Clfc*^, ttttft+fclta^Sju 
mtlTOH f Bft^ft* 5 0 /a mWT^P B E JH-C--«tiffl 
*»<ffajS*ftCi:fc:i-9T. IIMJcft^JWIt, ft 

mfmammz&ifx ^&zb . 

[0088] [gjtH9 ] *!6fWS:Z-&Ai6*5Mfflt* 
£ 4: xmtchm^mtiU^tz . WT^ 4 mmmm 9 



-1, 1^9-2, HJ6W9-3, HJtW9-4(C*J 
WCtt, H^fr{S#^4:W«C0ffl^^5-^b$^ 
TAD, #^tt#a-/^StJ:Of^L, +0. 

5~+2. okgf/cm^ co^m^-M^x^mim 

miff^\ 10- 2 TorrOTOK^*T'5 0 0rx3 

t , *JftffllSffit«Bt^S i 4; fc X 0 «H***lfc . 
[0089] f^M88wt%4WJ12w 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an R-Fe-B rare earth permanent magnet 
material, in which abnormal grains are grown less, even if an alloy is decreased 
in oxygen content by separating out ZrB compound, NbB compound, or HfB 
compound finely and uniformly in a magnet, so as to markedly expand its range 
of optimal sintering temperature. 

SOLUTION: An RFeB magnet alloy is composed of 87.5 to 97.5 vol.% 



Fe14R2B1 phase (wherein, R denotes at least a kid of rare earth element) and 
0.1 to 3 vol.% rare earth or rare earth and oxide of transition metal. A compound 
selected out of a ZrB compound composed of Zr and B, an NbB compound 
composed of Nb and B, or an HfB compound composed of Hf and B as main 
components is contained in the metallic structure of the above alloy, and the 
compound grains are smaller than 5 pm in average grain diameter and dispersed 
in the alloy at a maximum interval of 50 |jm or smaller. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The Fe14R2B plane's 1 (however, R's shows at least one sort of rare 
earth elements 1 ) which is main phase component's existence capacity 
percentage is 87.5 - 97.5%. In the RFeB system magnet alloy whose oxide's of 
rare earth or rare earth, and transition metals existence capacity percentage is 
0.1 - 3% The compound chosen from the ZrB compound which consists of Zr and 
B as a principal component all over the metal texture of this alloy, the NbB 
compound which consists of Nb and B, and the HfB compound which consists of 
Hf and B with the mean particle diameter of 5 micrometers or less And the R-Fe- 
B system rare earth permanent magnet ingredient characterized by the maximum 
spacing between the ZrB compound which adjoins each other and exists in the 
above-mentioned alloy, a NbB compound, and the compound chosen from a HfB 
compound distributing to homogeneity by 50 micrometers or less. 
[Claim 2] The permanent magnet ingredient according to claim 1 whose huge 
abnormality growth grain of a Fe14R2B plane 1 with a particle size of 100 
micrometers or more is 3% or less at an existence capacity rate to the whole 
metal texture. 

[Claim 3] The permanent magnet ingredient according to claim 1 or 2 10 or more 
kOes and whose square shape ratio 4x(BH) max/Br2 more than 12.5G and 
coercive force iHc are 0.95 or more in Br for magnetic properties. 
[Claim 4] A RFeB system magnet alloy is R27-33% (however, although R shows 



one sort of rare earth elements, or two sorts or more) at weight percent. 0.1 - 
10% [ of Co(es) which contain Nd 15 to 33% ] B 0.9 - 1 .5%, 0.02 - 1 .0% of 
elements chosen from 0.05 - 1 .0% of aluminum, 0.02 - 1 .0% of Cu(s), and Zr, Nb 
and Hf, The permanent magnet ingredient according to claim 1 , 2, or 3 with 
which the remainder becomes 0.002 - 0.05% of N, and a list from Fe and an 
unescapable impurity O 0.05 to 0.5% 0.03 - 0.1% of C. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a R-Fe-B system rare earth 

permanent magnet ingredient. 

[0002] 

[Description of the Prior Art] The rare earth permanent magnet is used 
abundantly in the field of the electrical and electric equipment for outstanding 
magnetic properties and economical efficiency, and the high performance-ization 
is demanded increasingly in recent years. Among these rare earth permanent 
magnets, since Nd which is a main element existing in abundance from Sm 



compared with a rare earth cobalt magnet, and Co are not used for a R-Fe-B 
system rare earth permanent magnet so much, its material cost is cheap, and it 
is the extremely excellent permanent magnet ingredient with which magnetic 
properties also easily endure a rare earth cobalt magnet. 
[0003] For this reason, the further high property-ization of this R-Fe-B system 
rare earth permanent magnet is desired. In order to form a R-Fe-B system rare 
earth permanent magnet into a high property, it is required to reduce the oxygen 
density in an alloy. However, although abnormality grain growth tends to take 
place in a sintering process and Br is high when the oxygen density in an alloy is 
reduced, it becomes the bad magnet of square shape nature with inadequate 
(BH) max. 

[0004] Even if this invention was made in view of the above-mentioned situation 
and reduces the oxygen density in an alloy, there is little abnormality grain 
growth, and it aims at offering a highly efficient R-Fe-B system rare earth 
permanent magnet ingredient. 
[0005] 

[The means for solving a technical problem and the gestalt of implementation of 
invention] In order that this invention person may attain the above-mentioned 
purpose, as a result of inquiring wholeheartedly, Co, aluminum, Cu, By 
distributing and depositing in homogeneity Zr compound detailed in the R-Fe-B 
system rare earth permanent magnet which contains Zr, Nb, or Hf in it, Nb 
compound, or Hf compound Grain growth of Nd system magnet alloy mainly 
manufactured at a hypoxia process was controlled, and it succeeded in obtaining 
the sintering permanent magnet ingredient which improved remarkably magnetic 
properties and sintering temperature width of face. 

[0006] Furthermore, when it explains in full detail, in a R-Fe-B system rare earth 
permanent magnet, if the oxygen density in an alloy is reduced, abnormality grain 
growth will tend to take place, optimal sintering temperature width of face is also 
narrow, and productivity is very bad [ width of face ]. Then, minute amount 
addition of the new element was carried out at the alloy for the above-mentioned 



problem solving, and the problem solving was tried. 

[0007] As a result of studying wholeheartedly the alloying element newly added 
in the R-Fe-B system rare earth permanent magnet containing Cu, and its 
amount as JP, 2000-2341 51, A proposed previously described, this invention 
person namely, by adding Zr in a minute amount Although it reported that it was 
possible to raise a residual magnetic flux density (Br) a little, and to make 
coercive force (iHc) increase sharply Furthermore, in order to aim at 
improvement in magnetic properties, when it strives for reduction of the oxygen 
density in a production process, by depositing minutely and uniformly a ZrB 
compound, a NbB compound, or a HfB compound in a magnet, the knowledge of 
an optimal sintering temperature field being remarkably expandable is carried out, 
and this invention is completed. 

[0008] Hereafter, lessons is taken from this invention and it explains in more 
detail. The R-Fe-B system rare earth permanent magnet ingredient of this 
invention (however, R) one sort of rare earth elements or two sorts or more are 
shown. In the RFeB system magnet alloy whose Fe14R2B plane's 1 which is 
main phase component's existence capacity percentage is 87.5 - 97.5% and 
whose oxide's of rare earth or rare earth, and transition metals existence capacity 
percentage is 0.1 - 3% The compound chosen from the ZrB compound which 
consists of Zr and B as a principal component all over the metal texture of this 
alloy, the NbB compound which consists of Nb and B, and the HfB compound 
which consists of Hf and B with the mean particle diameter of 5 micrometers or 
less And it is characterized by the maximum spacing between the ZrB compound 
which adjoins each other and exists in the above-mentioned alloy, a NbB 
compound, and the compound chosen from a HfB compound distributing to 
homogeneity by 50 micrometers or less. 

[0009] If the above-mentioned RFeB system magnet alloy is described, the 
magnetic properties of a RFeB system magnet alloy increase a Fe14R2B plane's 
1 which discovers magnetism's existence capacity rate, it will be lessening 
nonmagnetic R rich grain boundary phase in inverse proportion to it, and 



improvement in a residual magnetic flux density and an energy product will have 
been achieved. R rich phase cleans the grain boundary of a main phase 
Fe14R2B plane 1, and is bearing the role of generating coercive force, by 
removing the impurity and crystal defect of a grain boundary. Therefore, it 
becomes the main point on magnetic-properties development how much big 
coercive force is acquired how by being unable to lose R rich phase completely 
out of the organization of a magnet alloy, but utilizing little R rich phase as 
efficiently as possible, and making a grain boundary clean just because flux 
density becomes high. Generally, since R rich phase is activity, it will oxidize 
easily through grinding, a sintering process, etc., will form an R acid ghost phase, 
and will exhaust R rich phase. And if R rich phase adjusted a little is in process, 
reacts with oxygen and is consumed as an oxide, health of a grain boundary 
organization cannot be improved completely, but predetermined coercive force 
will no longer be acquired. The cure which obtains the big aperiodic compass of 
coercive force with a high residual magnetic flux density and which prevents 
oxidation of R rich phase through a production process in order in other words to 
acquire magnetic properties, using R rich phase of a critical mass effectively is 
needed. For this reason, in the newest high property Nd magnet production line, 
by carrying out, where each process of grinding, molding, and sintering is 
completely intercepted from oxygen, and lessening nonmagnetic Nd rich phase 
and the oxide of Nd as much as possible, the amount of magnetic phase 
Fe14Nd2B1 is made [ many / as possible ], and improvement in magnetic 
properties is achieved. 

[0010] However, reduction of Nd oxide phase abundance by such oxidation 
reaction prevention causes a new problem. It is generating of the abnormality 
growth grain in a sintering process. 

[0011] At a sintering process, densification advances by the sintering reaction of 
fines. The cast fines are diffused joining mutually at sintering temperature, by 
eliminating the intervening hole outside, are filled up with the space in a sintered 
compact, and contract. Nd which lives together at this time - it is said that the 



rich liquid phase promotes a sintering reaction smoothly. 
[0012] In the later stage of sintering, the hole which remains that a final 
consistency should be reached is diffused out of a system, and a sintered 
compact excludes it. Each crystal grain which sintering completed begins to grow 
up to be this final improvement in a consistency and coincidence with Ostwald 
growth. Itself is a lattice defect, the surface energy which a grain boundary has 
will decrease, the free energy of the whole sintered compact will fall, and the 
grain boundary which each crystal grain has will serve as stability, if the grain 
boundary die length per volume becomes small with growth. 
[0013] Since in the case of a magnetic domain wall new chestnut ESHON mold 
magnet like a sintering Nd magnet coercive force generally becomes large so 
that the magnitude of crystal grain is small, a sintered compact with crystal grain 
small as much as possible is desirable. It will be thought of because a serious 
lattice defect's whose magnetic domain wall generating is attained in low 
magnetic field existence probability becomes high that coercive force becomes 
small as crystal grain becomes large, if crystal growth is carried out and the grain 
boundary area per grain increases. 

[0014] Although it is predicted that the coercive force of Nd magnet becomes 
high, so that crystal grain becomes small to the single domain particle size of 
about 0.3 micrometers of Nd magnet which stops receiving effect in a lattice 
defect not much, even if small [ by constraint of the stability of the grinding 
approach or fines, sintering conditions, etc. / in a rare earth sintered magnet / 
several micrometers ] in the present condition at mean particle diameter, about 2- 
micrometer sintered compact mean particle diameter is considered to be a 
limitation. 

[0015] As mentioned above, while densification with a final sintered compact 
advances, grain growth happens in the anaphase of a sintering process. 
Although densification is required because of the improvement in flux density of a 
magnet, grain growth must be prevented for maintenance of coercive force. In 
the conventional Nd magnet, Nd oxide of a constant rate existed in 3 importance 



of a grain boundary etc. as inclusion. Although this Nd oxide carried out pinning 
of the grain boundary migration accompanying crystal growth and consistency- 
ization of a sintered compact progressed, migration of a grain boundary, i.e., 
grain growth, was able to be suppressed. 

[0016] The content of Nd is lessened, and since the abundance of Nd oxide is 
insufficient, it becomes impossible however, to fully demonstrate the pinning 
effectiveness in the high property Nd magnet which suppressed oxidation at a 
process further. For this reason, the phenomenon of huge abnormality growth 
grain generating in which specific crystal grain grows greatly rapidly at sintering 
temperature appears. Although the example is shown in the microphotography of 
drawing 20 (a) and (b), the crystal grain of the case where the crystal grain of the 
direction of orientation from the first becomes large as for the crystal grain which 
carried out abnormality growth in this way, and a different direction from the 
direction of orientation may grow. 

[0017] Although the magnetic domain by the anchor effect is observed in drawing 
20 (a) and (b), the directions of a magnetic domain wall differ for every 
abnormality growth grain 180 degrees, and it is understood that orientation is in 
disorder. Although orientation does not change, in addition to coercive force, the 
residual magnetic flux density is also decreasing with the grain with which 
coercive force is decreasing and with which, as for the crystal grain which has 
become large [ a grain ], orientation has also been in disorder. As a result, the 
hysteresis curve of the magnet obtained serves as inferior magnetic properties 
with bad square shape nature. 

[0018] The greatest spacing which is 5 micrometers or less as that deposit mean 
particle diameter, and adjoins [ trouble / in this high property magnet 
manufacture ] each other in an alloy again in the compound chosen from the ZrB 
compound with which this invention person consists of Zr and B as a principal 
component, the NbB compound which consists of Nb and B, and the HfB 
compound which consists of Hf and B, and deposits was solved by distributing 
homogeneity by 50 micrometers or less. That is, grain growth of a sintered 



compact was able to be suppressed very effectively by uniform distribution of 
such a ZrB compound, a NbB compound, or a HfB compound. When it has an R 
acid ghost and the effectiveness more than equivalent even if the grain boundary 
pinning effectiveness of a ZrB compound, a NbB compound, and a HfB 
compound is 5 micrometers or less in small magnitude, and the greatest spacing 
which adjoins each other and deposits makes homogeneity distribute this by 50 
micrometers or less, grain growth can be effectively suppressed in an amount 
smaller than an R acid ghost. The huge abnormality growth grain of the Fe14R2B 
plane 1 from which it becomes possible from which to control generating of a 
huge abnormality growth grain in a large sintering temperature requirement, and 
particle size has become 100 micrometers or more according to the effectiveness 
of such a ZrB compound, a NbB compound, and a HfB compound can be made 
into 3% or less at an existence capacity rate to the whole metal texture. 
[0019] As mentioned above, the rare earth permanent magnet ingredient of this 
invention The Fe14R2B plane's 1 which is main phase component's existence 
capacity percentage is 87.5% to 97.5%. And it sets to the high property RFeB 
system magnet alloy whose oxide's which consists of rare earth or rare earth, 
and transition metals again existence capacity percentage is 0.1% to 3%. The 
compound chosen from the ZrB compound which consists of Zr and B as a 
principal component all over the metal texture of this alloy, the NbB compound 
which consists of Nb and B, and the HfB compound which consists of Hf and B is 
5 micrometers or less as the deposit mean particle diameter. And the greatest 
spacing which adjoins each other in the above-mentioned alloy again, and 
deposits is distributing to homogeneity by 50 micrometers or less, and it sets into 
this rare earth permanent magnet ingredient in this case. It is suitable that the 
huge abnormality growth grain of a Fe14R2B plane 1 with which particle size is 
100 micrometers or more is 3% or less at an existence capacity rate to the whole 
metal texture. 

[0020] The above-mentioned rare earth permanent magnet alloy is weight 
percent as the presentation here. Especially R= 27 to 33% 28.8-31. 5%Co=0.1- 



10%, Especially B= 0.9 to 1.5% 1.3 to 3.4% 0.95-1. 15%aluminum=0.05-1.0%, 
especially - 0.1 - 0.5%Cu= -- element = especially chosen from Zr, Nb, and Hf 
0.05 to 0.3% 0.02 to 1 .0% -- 0.02 to 1 .0% It is especially desirable that it is [ 0.05 
- 0.3% ] what consists of the 0.002 - 0.04%Fe= remainder and also an 
unescapable impurity especially N= 0.002 to 0.05% 0.05 to 0.45% 0= 0.05 to 
0.5% 0.03 to 0.08% especially C= 0.03 to 0.1%. 

[0021] Although it is shown here that R is one sort or two sorts or more in rare 
earth elements, it is desirable for it to be preferably chosen from Pr, Nd, Tb, Dy, 
and Ho, and to contain Nd in a principal component, especially - under an alloy 
presentation and Nd - 15 - 33wt% - especially - 18 - 33wt% - containing is 
desirable, in this case, R mentioned above - as - 27 - 33wt% - although 
contained, since there is a possibility that reduction in Br may become 
remarkable when there is a possibility that reduction in iHc may become [ this ] 
remarkable less than [ 27wt% ] and 33wt% is exceeded, it is good to consider as 
27 - 33wt%. 

[0022] Although it is effective on Tc (Curie temperature) improvement effect to 
permute a part of Fe by Co in this invention, there is little effectiveness of Tc 
improvement of Co less than [ 0.1wt% ], and it is good to consider as 0.1 - 10wt% 
in consideration of a cost side. 

[0023] Since it has a possibility that reduction in Br may become remarkable 

when B has a possibility that reduction in iHc may become remarkable and 

1 .5wt% is exceeded, it is good to consider as 0.9 - 1 .5wt% less than [ 0.9wt% ]. 

[0024] aluminum is effective when raising coercive force (iHc), without applying 

cost, but since there is a possibility that reduction in Br may become large when 

there is very little effectiveness of the increment in iHc and it exceeds 1 .0wt%, it 

is good to consider as 0.05 - 1 .0wt% less than [ 0.05wt% ]. 

[0025] Since Cu has a possibility that reduction in Br may become large when 

there is very little effectiveness of the increment in iHc and it exceeds 1.0wt%, it 

is good to consider as 0.02 - 1.0wt% less than [ 0.02wt% ]. 

[0026] The element chosen from Zr, Nb, and Hf extends an optimal sintering 



temperature field by compound addition with Cu, and effectiveness is in the 
increment in iHc in magnetic properties further. 0. Since there is a possibility that 
reduction in Br may become large when there is very little effectiveness of the 
increment in iHc and it exceeds 1 .0wt%, it is good to consider as 0.02 - 1 .0wt% 
less than [ 02wt% ]. 

[0027] An oxygen content is good to consider as 0.05 - 0.5wt% less than 
[ 0.05wt% ] in order to demonstrate the effectiveness as the effectiveness of 
depositing uniformly the ZrB compound of this invention, a NbB compound, and a 
HfB compound that existence of an oxide is the same, if square shape nature is 
not good and exceeds 0.5wt(s)% that it is easy to become fault sintering. 
[0028] When square shape nature is not good and exceeds 0.1 wt(s)% that it is 
easy to become fault sintering, a degree of sintering and its square shape nature 
are bad, and since a carbon content has a possibility of decreasing coercive 
force further, it is good [ a carbon content ] to consider as 0.03 - 0.1 wt% less than 
[0.03wt%]. 

[0029] When square shape nature is not good and exceeds 0.05wt(s)% that it is 
easy to become fault sintering, a degree of sintering and its square shape nature 
are bad, and since a nitrogen content has a possibility of decreasing coercive 
force further, it is good [ a nitrogen content ] to consider as 0.002 - 0.05wt% less 
than [ 0.002wt% ]. 

[0030] The alloy and mixture with Fe or aluminum which are used as a raw 
material are sufficient as Cu, Zr and Nb which are used for this invention, or Hf. 
Furthermore, the little existence of La, Ce, Sm, nickel, Mn, Si, calcium, Mg, S, P, 
W, Mo, Ta, Cr, Ga, and Ti not more than 0.2wt% which it is contained in a use 
raw material, or is mixed into a production process does not spoil the 
effectiveness of this invention. 

[0031] After the permanent magnet ingredient of this invention obtains an alloy 
according to a conventional method using the ingredient of business as shown in 
the example mentioned later, it can be obtained by pulverizing by carrying out 
and heat-treating [ cast, sinter and ] a hydrogen treating and half- 



dehydrogenation treatment if needed, and two alloying methods can be used for 

it, and it can also be used by making them a desired presentation. 

[0032] In the fixed presentation range of R-Fe-B-Cu-Zr [ which according to this 

invention uses a R-Fe-B-Cu system as the base and contains Zr of **** small 

quantity, Nb or Hf ], Nb, or Hf system By heat-treating at alloy casting, grinding, 

molding, sintering, and temperature still lower than sintering temperature, make a 

residual magnetic flux density (Br) increase for a while, coercive force (iHc) is 

made to increase sharply, it excels in square shape nature, and 20-60 degrees C 

of optimal sintering temperature fields can be extended further. 

[0033] Therefore, by Br, the magnetic properties shall have [ 10 or more kOes 

and square shape ratio 4x(BH) max/Br2 ] more than 12.5G, and, as for the 

permanent magnet ingredient of this invention, coercive force iHc shall have 0.95 

or more outstanding magnetic properties. 

[0034] 

[Example] Although an example and the example of a comparison are shown 
and this invention is explained concretely hereafter, this invention is not restricted 
to the following example. In addition, in the rare earth permanent magnet 
ingredient of the following example and the example of a comparison, an oxide's 
of the Fe14R2B plane's 1 existence capacity rate, rare earth or rare earth, and 
transition metals existence capacity rate and a huge abnormality growth grain's 
of Fe14R2B plane 1 with a particle size of 100 micrometers or more existence 
capacity rate are collectively shown in Table 13. 

[0035] As a [example 1] start raw material, Nd, Pr, Dy, electrolytic iron, Co, 
ferroboron, aluminum and Cu, and ferro zirconium were used, and the alloy was 
obtained with the congruence chill roll method by the weight ratio as a 
comparison of the existence of Zr addition after blending with the presentation of 
27Nd-2Pr-1 Dy-BAL.Fe-3Co-1B-0.5aluminum-0.2 Cu-XZr (0 X= 0.2). The 
hydrogen treating was performed for the obtained alloy in the hydrogen ambient 
atmosphere of +1 .0**0.2 kgf/cm2, and dehydrogenation treatment of 700 degree- 
Cx 5 hours was performed in the vacuum of 10 to 2 or less Torrs. The alloy 



obtained at this time is hundreds of micrometers coarse powder by 
hydrogenation and dehydrogenation treatment. 0.08wt(s)% oleic acid was mixed 
with the obtained coarse powder by V mixer as lubricant, and it pulverized in 
mean particle diameter of about 3 micrometers with the jet mill in a nitrogen air 
current further. Then, after filled up the metal mold of molding equipment with 
these fines, carrying out orientation in the field of 10kOe, casting by the pressure 
of 1.2 ton/cm2 perpendicularly to the field, sintering those molding objects in Ar 
ambient atmosphere at 1,020 to 1,100 degrees C for 2 hours and cooling further, 
it heat-treated in Ar ambient atmosphere at 500 degrees C for 1 hour, and the 
permanent magnet ingredient of each presentation was obtained. In addition, the 
carbon in these R-Fe-B system permanent magnet ingredients, nitrogen, and an 
oxygen content were 0.031-0.043, 0.009-0.017, and 0.1 05-0. 186wt%, 
respectively. 

[0036] The result of the acquired magnetic properties is shown in drawing 1 -3. 
Although what sintered Zr-less elegance (example of a comparison) at 1 ,020 
degrees C and 1 ,040 degrees C is 0.954 and 0.955, respectively when sintering 
temperature and the relation of a square shape ratio are seen, and a square 
shape ratio is good, when Br is seen, 1,020 degrees C is 12.95kG(s), 1,040 
degrees C is 13.24kG(s), and Br of 1,020-degree-C sinter is an inadequate value. 
This shows that the optimal sintering temperature of Zr-less elegance is only 
1 ,040 degrees C. On the other hand, Zr addition article is good, without Br, iHc, 
and a square shape ratio hardly changing at 1,040 degrees C, 1,060 degrees C, 
and 1 ,080 degrees C, and it turns out that there are 40 degrees C of optimal 
sintering temperature width of face. Furthermore, it turns out that the direction of 
Zr addition article is carrying out the increment in 1kOe by 100G and iHc by Br, 
and addition of Zr is excellent in the optimal sintering temperature. 
[0037] Moreover, when the polarization image of the sintered compact of drawing 
4 (a) and (b) is seen, it turns out that two about 500-micrometer abnormality grain 
growing regions have Zr-less elegance (a) in this field. 

[0038] Furthermore, when the element distribution image by EPMA was seen, as 



for Zr addition article, the ZrB compound 5 micrometers or less deposited [ the 
diameter ] finely uniformly at intervals of 50 micrometers or less, and, as for this 
ZrB compound, the quantitative analysis by EPMA showed that Zr and B were 
principal components. 

[0039] By adding Zr and depositing a ZrB compound finely uniformly in a sintered 
compact from these things, shows having controlled abnormality grain growth 
and having expanded optimal sintering temperature width of face. 
[0040] As a [example 2] start raw material, Nd, Tb, electrolytic iron, Co, 
ferroboron, aluminum and Cu, and ferro zirconium are used. As a comparison of 
the existence of Zr addition The ingot of each presentation was obtained by 
carrying out the RF dissolution and casting in a weight ratio to water-cooled 
copper mold after blending with the presentation of 30.0Nd-0.5 Tb-BAL.Fe-1Co- 
1.1B-0.7aluminum-0.1 Cu-XZr (3 0. X= 0.01, 1.2). Coarse grinding of these 
ingots was carried out by BURAUMMIRU, it processed with the jet mill in a 
nitrogen air current further, and fines with a mean particle diameter of about 3 
micrometers were obtained. Then, after filled up the metal mold of molding 
equipment with these fines, carrying out orientation in the field of 15kOe, casting 
by the pressure of 0.7 ton/cm2 perpendicularly to the field, sintering the molding 
object of that in Ar ambient atmosphere at 1 ,020 to 1 ,100 degrees C for 2 hours 
and cooling further, it heat-treated in Ar ambient atmosphere at 600 degrees C 
for 1 hour, and the permanent magnet ingredient of each presentation was 
obtained. In addition, the carbon in these R-Fe-B system permanent magnet 
ingredients, nitrogen, and an oxygen content were 0.081-0.092, 0.003 to 0.01, 
and 0.058-0.081wt%, respectively. 

[0041] The result of the acquired magnetic properties is shown in drawing 5 -7. 
Although square shape ratios are 0.956 and 0.955, respectively and are good, if 
what sintered 0.01 Zr at 1,020 degrees C and 1,040 degrees C when sintering 
temperature and the relation of a square shape ratio were seen looks at Br, 
1,020 degrees C will be 13.07kG(s), 1,040 degrees C will be 13.46kG(s), and Br 
of 1 ,020-degree-C sinter will tend to deteriorate. On the other hand, 0.3 Zr is 



good, without Br, iHc, and a square shape ratio hardly changing at 1 ,040 degrees 
C, 1 ,060 degrees C, and 1 ,080 degrees C, and it turns out that there are 40 
degrees C of optimal sintering temperature width of face, furthermore -- although 
it turns out that Br, iHc, and a square shape ratio hardly change at 1,040 degrees 
C, 1,060 degrees C, and 1,080 degrees C, but 1.2 Zr has 40 degrees C of 
optimal sintering temperature width of face - the direction of 0.3 Zr - Br -- 13.60- 
13.66 - it turns out that the magnetic properties of 1 5.0-1 5.5kOe are acquired by 
kG and iHc, and the direction of addition of 0.3 Zr is excellent. 
[0042] Moreover, when the element distribution image by EPMA was seen, as for 
0.3 Zr, the ZrB compound 5 micrometers or less deposited [ the diameter ] finely 
uniformly at intervals of 50 micrometers or less. On the other hand, the ZrB 
compound 5 micrometers or less deposited at intervals of 50 micrometers or 
more, and the diameter was not [ 0.01 Zr ] uniform a little compared with 0.3 Zr. 
Furthermore, although the ZrB compound 5 micrometers or less deposited at 
intervals of 50 micrometers or less, since 1 .2 Zr had too many additions of Zr, its 
diameter suited to the inclination for magnetic properties to deteriorate compared 
with 0.3 Zr. Moreover, as for this ZrB compound, the quantitative analysis by 
EPMA showed that Zr and B were principal components. 
[0043] These things show having controlled abnormality grain growth and having 
expanded optimal sintering temperature width of face, when a diameter deposits 
a ZrB compound 5 micrometers or less finely uniformly at intervals of 50 
micrometers or less in a sintered compact. 

[0044] The further high property-ization was tried by using two alloying methods 
for [example 3] this invention. In the following four examples 3-1, the example 3-2, 
the example 3-3, and the example 3-4, experiment conditions had changed only 
the presentation of a hardener and assistant **, and the hardener was produced 
with the single chill roll method, performed the hydrogen treating in the hydrogen 
ambient atmosphere of +0.5 - +2.0 kgf/cm2, and performed half-dehydrogenation 
treatment of 500 degree-Cx 3 hours in the vacuum of 10 to 2 or less Torrs. 
Moreover, assistant ****** carried out the RF dissolution and obtained the ingot 



by casting to water-cooled copper mold. 

[0045] next, a hardener -- 90wt(s)% and assistant ** - 10wt% weighing capacity - 
- carrying out -- as lubricant - zinc stearate -- 0.05wt(s)% - it added, and mixed 
by V mixer and fines with a mean particle diameter of about 4 micrometers were 
further obtained with the jet mill in a nitrogen air current. Then, fill up the metal 
mold of molding equipment with these fines, and orientation is carried out in the 
field of 12kOe. It casts by the pressure of 0.5 ton/cm2 perpendicularly to a field. 
The molding object of that from 1,020 degrees C to 1,100 degrees C every 10 
degrees C 2 hours, After sintering in the vacuum ambient atmosphere of 10 to 4 
or less Torrs and cooling further, it heat-treated in the vacuum ambient 
atmosphere of 10 to 2 or less Torrs at 500 degrees C for 1 hour, and the 
permanent magnet ingredient of each presentation was obtained. 
[0046] It was made the presentation of 30.0 Nd-BAL.Fe-4.6Co-1.4B-0.2 
aluminum-XZr (0 X= 0.5) by the weight ratio, and three to example 1 hardener 
made assistant ****** the presentation of 36.0Nd-10.2 Dy-BAL.Fe-25.8Co- 
0.2aluminum-2.4Cu by the weight ratio. The presentation after mixing is 29.7Nd- 
1.0 Dy-BAL.Fe-6.7Co-1.2B-0.2aluminum-0.24 Cu-XZr (0 X= 0.45). 
[0047] It was made the presentation of 28.4 Nd-BAL.Fe-1.9Co-1.3B-0.4 
aluminum-XZr (0 X= 0.4) by the weight ratio, and three to example 2 hardener 
made assistant ****** the presentation of 36.9Nd-10.2 Tb-BALFe-30.2Co-0.6B- 
0.3aluminum-3.2Cu by the weight ratio. The presentation after mixing is 29.3Nd- 
1.0 Tb-BAL.Fe-4.7Co-1.2B-0.4aluminum-0.32 Cu-XZr (0 X= 0.39). 
[0048] It was made the presentation of 27.2 Nd-BAL.Fe-0.9Co-1.0B-0.2aluminum 
by the weight ratio, and three to example 3 hardener made assistant ****** the 
presentation of 50.1Nd-9.4 Dy-BAL.Fe-23.9Co-1.0B-0.2aluminum-1.1 Cu-XZr (0 
X= 1.1) by the weight ratio. The presentation after mixing is 29.5Nd-0.9 Dy- 
BAL.Fe-3.2Co-1.0B-0.2aluminum-0.1 Cu-XZr (0 X= 0.11). 
[0049] It was made the presentation of 27.0Nd-1 .0 Dy-BAL.Fe-4.6Co-1.3B-0.4 
aluminum-XZr (0 X= 0.45) by the weight ratio, and three to example 4 hardener 
made assistant ****** the presentation of 35.5Nd-9.8 Tb-BAL.Fe-29.0Co- 



0.3aluminum-2.3 Cu-XZr (0 X= 0.45) by the weight ratio. Mixing mixed a Zr-less 
hardener, Zr-less assistant **, and a hardener with Zr and assistant ** with Zr, 
respectively. The presentation after mixing is 27.9Nd-2.3Dy-1.0 Tb-BALFe- 
7.0Co-1.1B-0.4aluminum-0.2 Cu-XZr (0 X= 0.45). 

[0050] The obtained result is shown in Tables 1-4. Tables 1-4 show what added 

Zr excelling [ case / any / of an example 3-1, an example 3-2, an example 3-3, 

and an example 3-4 ] the additive-free thing in Br, iHc, and a square shape ratio, 

and having expanded, when an optimal sintering temperature field also adds Zr 

further. 

[0051] 

[Table 1] 



mmm 3-1 



Zr ± 




Br 


iHc 




0 


l,060 c C<0^ 


13.63 


12.8 


0.968 


0.45 


1,050- 1,070^ 


13.64^13.61 


13.2- 13.8 


0.963-0.966 



[0052] 

[Table 2] 

mmm 3-2 



Zr ft 




Br 


iHc 




0 


1,060*0 60 


13.46 


12,6 


0.967 


0.39 


1,060-1,080^ 


13.63-13.61 


13.3- 13.8 


0.959-O.964 



[0053] 
[Table 3] 



mmm 3-3 



Zr ft 




Br 


iHc 




0 


l.oeo'C^^ 


13.68 


13.1 


0.966 


0.11 


1,060- l,080t: 


13.61-13,66 


13.7- 14.1 


0.961—0.963 



[0054] 
[Table 4] 



mmm 3-4 



Zr ft 




Br 


iHc 




0 


1 ,080^^^ 


12.88 


16.9 


0.966 


0.46 


1,080-1,100^ 


12.92-13.02 


17.1- 17.7 


0.961-0.963 



[0055] Furthermore, in any [ of an example 3-1 an example 3-2, an example 3-3, 
and an example 3-4 ] case, when the element distribution image by EPMA was 



seen, as for Zr addition article, the ZrB compound 5 micrometers or less 
deposited [ the diameter ] finely uniformly at intervals of 50 micrometers or less. 
Moreover, as for this ZrB compound, the quantitative analysis by EPMA showed 
that Zr and B were principal components. 

[0056] These things show having added Zr also in two alloying methods, having 
controlled abnormality grain growth and having expanded optimal sintering 
temperature width of face by depositing a ZrB compound finely uniformly in a 
sintered compact. 

[0057] As a [example 4] start raw material, Nd, Pr, Dy, electrolytic iron, Co, 
ferroboron, aluminum and Cu, and ferro NYUUBU were used, and the alloy was 
obtained with the congruence chill roll method by the weight ratio as a 
comparison of the existence of Nb addition after blending with the presentation of 
26.5Nd-2.2Pr-2.5 Dy-BAL.Fe-4.5Co-1.1B-0.4aluminum-0.5 Cu-XNb (0 X= 0.2). 
The hydrogen treating was performed for the obtained alloy in the hydrogen 
ambient atmosphere of +1 .5**0.3 kgf/cm2, and dehydrogenation treatment of 800 
degree-Cx 5 hours was performed in the vacuum of 10 to 2 or less Torrs. The 
alloy obtained at this time is hundreds of micrometers coarse powder by 
hydrogenation and dehydrogenation treatment. 0.05wt(s)% zinc stearate was 
mixed with the obtained coarse powder by V mixer as lubricant, and it pulverized 
in mean particle diameter of about 3 micrometers with the jet mill in a nitrogen air 
current further. Then, after filled up the metal mold of molding equipment with 
these fines, carrying out orientation in the field of 15kOe, casting by the pressure 
of 0.5 ton/cm2 perpendicularly to the field, sintering those molding objects in Ar 
ambient atmosphere at 1,000 to 1,080 degrees C for 2 hours and cooling further, 
it heat-treated in Ar ambient atmosphere at 500 degrees C for 1 hour, and the 
permanent magnet ingredient of each presentation was obtained. In addition, the 
carbon in these R-Fe-B system permanent magnet ingredients, nitrogen, and an 
oxygen content were 0.061-0.073, 0.019-0.027, and 0.095-0.1 16wt%, 
respectively. 

[0058] The result of the acquired magnetic properties is shown in drawing 8 -10. 



If sintering temperature and the relation of a square shape ratio are seen, what 
sintered Nb-less elegance at 1 ,000 degrees C and 1,020 degrees C is 0.951 and 
0.955, respectively, its a square shape ratio is good, but when Br is seen, 1,000 
degrees C is 12.87kG(s), 1,020 degrees C is 13.23kG(s), and Br of 1,000- 
degree-C sinter is an inadequate value. This shows that the optimal sintering 
temperature of Nb-less elegance is only 1,020 degrees C. On the other hand, Nb 
addition article is good, without Br, iHc, and a square shape ratio hardly changing 
at 1,020 degrees C, 1,040 degrees C, and 1,060 degrees C, and it turns out that 
there are 40 degrees C of optimal sintering temperature width of face. 
Furthermore, it turns out that the direction of Nb addition article is carrying out the 
increment in 500Oe by 80G and iHc by Br, and addition of Nb is excellent in the 
optimal sintering temperature. 

[0059] Moreover, according to the polarization image of a sintered compact, it 
turned out that two about 500-micrometer abnormality grain growing regions 
have Nb-less elegance (a) in this field. 

[0060] Furthermore, when the element distribution image by EPMA was seen, as 
for Nb addition article, the NbB compound 5 micrometers or less deposited [ the 
diameter ] finely uniformly at intervals of 50 micrometers or less. Moreover, as for 
this NbB compound, the quantitative analysis by EPMA showed that Nb and B 
were principal components. 

[0061] By adding Nb and depositing a NbB compound finely uniformly in a 
sintered compact from these things, shows having controlled abnormality grain 
growth and having expanded optimal sintering temperature width of face. 
[0062] As a [example 5] start raw material, Nd, Tb, electrolytic iron, Co, 
ferroboron, aluminum and Cu, and ferro NYUUBU are used. As examination of 
Nb addition The ingot of each presentation was obtained by carrying out the RF 
dissolution and casting in a weight ratio to water-cooled copper mold after 
blending with the presentation of 29.1Nd-0.2 Tb-BAL.Fe-2.7Co-1.2B- 
0.4aluminum-0.5 Cu-XNb (57 0. X= 0.01, 1.15). Coarse grinding of these ingots 
was carried out by BURAUMMIRU, it processed with the jet mill in a nitrogen air 



current further, and fines with a mean particle diameter of about 5 micrometers 
were obtained. Then, after filled up the metal mold of molding equipment with 
these fines, carrying out orientation in the field of 12kOe, casting by the pressure 
of 1 .2 ton/cm2 perpendicularly to the field, sintering the molding object of that in 
the vacuum ambient atmosphere of 10 to 4 or less Torrs at 1 ,000 to 1 ,080 
degrees C for 2 hours and cooling further, it heat-treated in the vacuum ambient 
atmosphere of 10 to 2 or less Torrs at 500 degrees C for 1 hour, and the 
permanent magnet ingredient of each presentation was obtained. In addition, the 
carbon in these R-Fe-B system permanent magnet ingredients, nitrogen, and an 
oxygen content were 0.030-0.038, 0.027-0.041, and 0.328-0.41 8wt%, 
respectively. 

[0063] The result of the acquired magnetic properties is shown in drawing 11-13. 
Although square shape ratios are 0.951 and 0.953, respectively and are good, if 
what sintered 0.01 Nb(s) at 1,000 degrees C and 1,020 degrees C when 
sintering temperature and the relation of a square shape ratio were seen looks at 
Br, 1,000 degrees C will be 13.37kG(s), 1,020 degrees C will be 13.55kG(s), and 
Br of 1,000-degree-C sinter will tend to deteriorate. On the other hand, 0.57 
Nb(s) are good, without Br, iHc, and a square shape ratio hardly changing at 
1 ,020 degrees C, 1 ,040 degrees C, and 1 ,060 degrees C, and it turns out that 
there are 40 degrees C of optimal sintering temperature width of face, 
furthermore - although it turns out that Br, iHc, and a square shape ratio hardly 
change at 1,020 degrees C, 1,040 degrees C, and 1,060 degrees C, but 1.15 
Nb(s) have 40 degrees C of optimal sintering temperature width of face ~ the 
direction of 0.57 Nb(s) -- Br - 13.65-13.67 - it turns out that the magnetic 
properties of 1 4.9-1 5.2kOe are acquired by kG and iHc, and the direction of 
addition of 0.57 Nb(s) is excellent. 

[0064] Moreover, when the element distribution image by EPMA was seen, as for 
0.57 Nb(s), the NbB compound 5 micrometers or less deposited [ the diameter ] 
finely uniformly at intervals of 50 micrometers or less. Furthermore, although the 
NbB compound 5 micrometers or less deposited [ the diameter ] at intervals of 50 



micrometers or less, since 1.15 Nb(s) had too many additions of Nb, magnetic 
properties suited its low inclination compared with 0.57 Nb(s). Moreover, as for 
this NbB compound, the quantitative analysis by EPMA showed that Nb and B 
were principal components. 

[0065] These things show having controlled abnormality grain growth and having 
expanded optimal sintering temperature width of face, when a diameter deposits 
a NbB compound 5 micrometers or less finely uniformly at intervals of 50 
micrometers or less in a sintered compact. 

[0066] The further high property-ization was tried by using two alloying methods 
for [example 6] this invention. In the following four examples 6-1, the example 6-2, 
the example 6-3, and the example 6-4, experiment conditions had changed only 
the presentation of a hardener and assistant **, and the hardener was produced 
with the single chill roll method, performed the hydrogen treating in the hydrogen 
ambient atmosphere of +0.5 - +2.0 kgf/cm2, and performed half-dehydrogenation 
treatment of 500 degree-Cx 3 hours in the vacuum of 10 to 2 or less Torrs. 
Moreover, assistant ****** carried out the RF dissolution and obtained the ingot 
by casting to water-cooled copper mold. 

[0067] next, a hardener 92wt(s)% and assistant ** - 8wt% weighing capacity -- 
carrying out - as lubricant zinc stearate - 0.05wt(s)% - it added, and mixed by 
V mixer and fines with a mean particle diameter of about 4 micrometers were 
further obtained with the jet mill in a nitrogen air current. Then, fill up the metal 
mold of molding equipment with these fines, and orientation is carried out in the 
field of 12kOe. It casts by the pressure of 0.5 ton/cm2 perpendicularly to a field. 
The molding object of that from 1,020 degrees C to 1,100 degrees C every 10 
degrees C 2 hours, After sintering in the vacuum ambient atmosphere of 10 to 4 
or less Torrs and cooling further, it heat-treated at 500 degrees C for 1 hour in Ar 
gas ambient atmosphere of 10 to 2 or less Torrs, and the permanent magnet 
ingredient of each presentation was obtained. 

[0068] It was made the presentation of 27.9 Nd-BALFe-7.3Co-1 .3B-0.2 
aluminum-XNb (0 X= 0.4) by the weight ratio, and six to example 1 hardener 



made assistant ****** the presentation of 36.0Nd-10.2 Dy-BAL.Fe-25.8Co- 
0.2aluminum-2.4Cu by the weight ratio. The presentation after mixing is 28.6Nd- 
3.1 Dy-BAL.Fe-8.8Co-1.2B-0.2aluminum-0.2 Cu-XNb (0 X= 0.4). 
[0069] It was made the presentation of 28.1Nd-1.2 Tb-BALFe-3.7Co-1.2B-0.4 
aluminum-XNb (0 X= 0.7) by the weight ratio, and six to example 2 hardener 
made assistant ****** the presentation of 36.9Nd-10.2 Tb-BAL.Fe-30.2Co-0.6B- 
0.3aluminum-3Cu by the weight ratio. The presentation after mixing is 28.8Nd- 
2.0 Tb-BAL.Fe-5.8Co-1.1B-0.4aluminum-0.3 Cu-XNb (0 X= 0.7). 
[0070] It was made the presentation of 27.2 Nd-BAL.Fe-0.9Co-1.0B-0.2aluminum 
by the weight ratio, and six to example 3 hardener made assistant ****** the 
presentation of 47.2Nd-8.9Dy-8.7 Tb-BALFe-22.5Co-0.1aluminum-1.4 Cu-XNb 
(0 X= 1.0) by the weight ratio. The presentation after mixing is 28.8Nd-0.7Dy-0.7 
Tb-BAL.Fe-2.7Co-1.0B-0.2aluminum-0.1 Cu-XNb (0 X= 0.1). 
[0071] It was made the presentation of 27.0Nd-2.5 Dy-BAL.Fe-4.6Co-1.3B-0.4 
aluminum-XNb (0 X= 0.4) by the weight ratio, and six to example 4 hardener 
made assistant ****** the presentation of 35.5Nd-9.8 Tb-BAL.Fe-29.0Co- 
0.3aluminum-2.3 Cu-XNb (0 X= 0.4) by the weight ratio. Mixing mixed a Nb-less 
hardener, Nb-less assistant **, and a hardener with Nb and assistant ** with Nb, 
respectively. The presentation after mixing is 27.7Nd-2.3Dy-0.8 Tb-BAL.Fe- 
6.6Co-1.2B-0.4aluminum-0.2 Cu-XNb (0 X= 0.4). 

[0072] The obtained result is shown in Tables 5-8. Tables 5-8 show what added 

Nb excelling [ case / any / of an example 6-1, an example 6-2, an example 6-3, 

and an example 6-4 ] the additive-free thing in Br, iHc, and a square shape ratio, 

and having expanded, when an optimal sintering temperature field also adds Nb 

further. 

[0073] 

[Table 5] 



mmm 6-i 



Nb M 




Br 


iHc 


£3Ufc 


0 


1,040*: 


13.24 


16.8 


0.962 


0.4 


1,040- 1,080^ 


13.28^13.33 


16.6- 16.8 


0.961-0.966 



[0074] 



[Table 6] 



mmm 6-2 



Nb ± 




Br 


iHc 




0 


1,030*0*0^ 


13.46 


16.6 


0.964 


0.7 


1,030^1,070^ 


13.64-13.61 


16.3-16.8 


0.965-0.969 



[0075] 
[Table 7] 



maw 6-s 



Nb S 




Br 


iHc 




0 


1,030^60^. 


13.68 


16.1 


0.961 


0.1 


1,030- 1,070^ 


13.61-13.66 


16.9- 16.6 


0.961-0.967 



[0076] 
[Table 8] 



Nb M 




Br 


iHc 


as* 


0 


1,040^ <r>^ 


13,56 


14.8 


0.969 


0.4 


1,040- l.osot: 


13.66-13.72 


16.5- 16.1 


0.967-0.970 



[0077] Furthermore, in any [ of an example 6-1 an example 6-2, an example 6-3, 
and an example 6-4 ] case, when the element distribution image by EPMA was 
seen, as for Nb addition article, the NbB compound 5 micrometers or less 
deposited [ the diameter ] finely uniformly at intervals of 50 micrometers or less. 
Moreover, as for this NbB compound, the quantitative analysis by EPMA showed 
that Nb and B were principal components. 

[0078] These things show having added Nb also in two alloying methods, having 
controlled abnormality grain growth and having expanded optimal sintering 
temperature width of face by depositing a NbB compound finely uniformly in a 
sintered compact. 

[0079] As a [example 7] start raw material, Nd, Pr, Tb, electrolytic iron, Co, 
ferroboron, aluminum and Cu, and FEROHAFU nium were used, and the alloy 
was obtained with the congruence chill roll method by the weight ratio as a 
comparison of the existence of Hf addition after blending with the presentation of 
28.5Nd-1.0Pr-0.5 Tb-BALFe-4.0Co-1.3B-0.4aluminum-0.5 Cu-XHf (0 X= 0.4). 
The hydrogen treating was performed for the obtained alloy in the hydrogen 
ambient atmosphere of +2.0**0.5 kgf/cm2, and dehydrogenation treatment of 400 



degree-Cx 3 hours was performed in the vacuum of 10 to 2 or less Torrs. The 
alloy obtained at this time is hundreds of micrometers coarse powder by 
hydrogenation and dehydrogenation treatment. 0.05wt(s)% Safi Norian was 
mixed with the obtained coarse powder by V mixer as lubricant, and it pulverized 
in mean particle diameter of about 5 micrometers with the jet mill in a nitrogen air 
current further. Then, after filled up the metal mold of molding equipment with 
these fines, carrying out orientation in the field of 12kOe, casting by the pressure 
of 1.0 ton/cm2 perpendicularly to the field, sintering those molding objects in Ar 
ambient atmosphere at 1,000 to 1,080 degrees C for 2 hours and cooling further, 
it heat-treated in Ar ambient atmosphere at 500 degrees C for 1 hour, and the 
permanent magnet ingredient of each presentation was obtained. In addition, the 
carbon in these R-Fe-B system permanent magnet ingredients, nitrogen, and an 
oxygen content were 0.051-0.063, 0.029-0.037, and 0.1 35-0.21 6wt%, 
respectively. 

[0080] The result of the acquired magnetic properties is shown in drawing 14 -16. 
If sintering temperature and the relation of a square shape ratio are seen, what 
sintered Hf-less elegance at 1,000 degrees C and 1,020 degrees C is 0.951 and 
0.955, respectively, its a square shape ratio is good, but when Br is seen, 1,000 
degrees C is 12.93kG(s), 1,020 degrees C is 13.43kG(s), and Br of 1,000- 
degree-C sinter is an inadequate value. This shows that the optimal sintering 
temperature of Hf-less elegance is only 1,020 degrees C. On the other hand, Hf 
addition article is good, without Br, iHc, and a square shape ratio hardly changing 
at 1 ,020 degrees C, 1 ,040 degrees C, and 1 ,060 degrees C, and it turns out that 
there are 40 degrees C of optimal sintering temperature width of face. 
Furthermore, it turns out that the direction of Hf addition article is carrying out the 
increment in 700Oe by 80G and iHc by Br, and addition of Hf is excellent in the 
optimal sintering temperature. 

[0081] Moreover, when the polarization image of a sintered compact was seen, it 
turned out that two about 500-micrometer abnormality grain growing regions 
have Hf-less elegance (a) in this field. 



[0082] Furthermore, when the element distribution image by EPMA was seen, as 
for Hf addition article, the HfB compound 5 micrometers or less deposited [ the 
diameter ] finely uniformly at intervals of 50 micrometers or less. Moreover, as for 
this HfB compound, the quantitative analysis by EPMA showed that Hf and B 
were principal components. 

[0083] By adding Hf and depositing a HfB compound finely uniformly in a sintered 
compact from these things, shows having controlled abnormality grain growth 
and having expanded optimal sintering temperature width of face. 
[0084] As a [example 8] start raw material, Nd, Pr, Dy, electrolytic iron, Co, 
ferroboron, aluminum and Cu, and FEROHAFU nium are used. As examination 
of Hf addition The ingot of each presentation was obtained by carrying out the RF 
dissolution and casting in a weight ratio to water-cooled copper mold after 
blending with the presentation of 28.7Nd-2.2Pr-1.2 Dy-BALFe-3.6Co-1.2B- 
0.4aluminum-0.5 Cu-XHf (41 0. X= 0.01, 1.22). Coarse grinding of these ingots 
was carried out by BURAUMMIRU, it processed with the jet mill in a nitrogen air 
current further, and fines with a mean particle diameter of about 5 micrometers 
were obtained. Then, after filled up the metal mold of molding equipment with 
these fines, carrying out orientation in the field of 15kOe, casting by the pressure 
of 0.7 ton/cm2 perpendicularly to the field, sintering the molding object of that in 
Ar ambient atmosphere at 1 ,000 to 1 ,080 degrees C for 2 hours and cooling 
further, it heat-treated in Ar ambient atmosphere at 600 degrees C for 1 hour, 
and the permanent magnet ingredient of each presentation was obtained. In 
addition, the carbon in these R-Fe-B system permanent magnet ingredients, 
nitrogen, and an oxygen content were 0.031-0.041, 0.023-0.040, and 0.228- 
0.41 1wt%, respectively. 

[0085] The result of the acquired magnetic properties is shown in drawing 17-19. 
Although square shape ratios are 0.951 and 0.953, respectively and are good, if 
what sintered 0.01 Hf(s) at 1,000 degrees C and 1,020 degrees C when sintering 
temperature and the relation of a square shape ratio were seen looks at Br, 
1 ,000 degrees C will be 1 2.93kG(s), 1 ,020 degrees C will be 1 3.35kG(s), and Br 



of 1 ,000-degree-C sinter will tend to deteriorate. On the other hand, 0.41 Hf(s) 
are good, without Br, iHc, and a square shape ratio hardly changing at 1,020 
degrees C, 1 ,040 degrees C, and 1 ,060 degrees C, and it turns out that there are 
40 degrees C of optimal sintering temperature width of face, furthermore - 
although it turns out that Br, iHc, and a square shape ratio hardly change at 
1,020 degrees C, 1,040 degrees C, and 1,060 degrees C, but 1.22 Hf(s) have 40 
degrees C of optimal sintering temperature width of face - the direction of 0.41 
Hf(s) - Br - 13.45-13.47 it turns out that the magnetic properties of 13.2- 
13.5kOe are acquired by kG and iHc, and the direction of addition of 0.41 Hf(s) is 
excellent. 

[0086] Moreover, when the element distribution image by EPMA was seen, as for 
0.41 Hf(s), the HfB compound 5 micrometers or less deposited [ the diameter ] 
finely uniformly at intervals of 50 micrometers or less. Furthermore, although the 
HfB compound 5 micrometers or less deposited [ the diameter ] at intervals of 50 
micrometers or less, since 1 .22 Hf(s) had too many additions of Hf, they were 
understood that magnetic properties are low compared with 0.41 Hf(s). Moreover, 
as for this HfB compound, the quantitative analysis by EPMA showed that Hf and 
B were principal components. 

[0087] These things show having controlled abnormality grain growth and having 
expanded optimal sintering temperature width of face, when a diameter deposits 
a HfB compound 5 micrometers or less finely uniformly at intervals of 50 
micrometers or less in a sintered compact. 

[0088] The further high property-ization was tried by using two alloying methods 
for [example 9] this invention. In the following four examples 9-1 , the example 9-2, 
the example 9-3, and the example 9-4, experiment conditions had changed only 
the presentation of a hardener and assistant **, and the hardener was produced 
with the single chill roll method, performed the hydrogen treating in the hydrogen 
ambient atmosphere of +0.5 - +2.0 kgf/cm2, and performed half-dehydrogenation 
treatment of 500 degree-Cx 3 hours in the vacuum of 10 to 2 or less Torrs. 
Moreover, assistant ****** carried out the RF dissolution and obtained the ingot 



by casting to water-cooled copper mold. 

[0089] next, a hardener ~ 88wt(s)% and assistant ** - 12wt% weighing capacity - 
- carrying out - as lubricant - zinc stearate - 0.05wt(s)% - it added, and mixed 
by V mixer and fines with a mean particle diameter of about 4 micrometers were 
further obtained with the jet mill in a nitrogen air current. Then, fill up the metal 
mold of molding equipment with these fines, and orientation is carried out in the 
field of 12kOe. It casts by the pressure of 0.5 ton/cm2 perpendicularly to a field. 
The molding object of that from 1 ,020 degrees C to 1 ,100 degrees C every 10 
degrees C 2 hours, After sintering in the vacuum ambient atmosphere of 10 to 4 
or less Torrs and cooling further, it heat-treated in the vacuum ambient 
atmosphere of 10 to 2 or less Torrs at 500 degrees C for 1 hour, and the 
permanent magnet ingredient of each presentation was obtained. 
[0090] It was made the presentation of 27.2 Nd-BAL.Fe-0.9Co-1.0B-0.2aluminum 
by the weight ratio, and nine to example 1 hardener made assistant ****** the 
presentation of 49.6Nd-9.3-Dy-BAL.Fe-23.6Co-0.2aluminum-1.1 Cu-XHf (0 X= 
0.2) by the weight ratio. The presentation after mixing is 29.9Nd-1.1 Dy-BALFe- 
3.7Co-1.0B-0.2aluminum-0.1 Cu-XHf (0X= 0.2). 

[0091] It was made the presentation of 28.0Nd-2.5-Dy-BAL.Fe-4.6Co-1 .3B- 
0.4aluminum by the weight ratio, and nine to example 2 hardener made assistant 
****** the presentation of 34.0Nd-9.4 Tb-BAL.Fe-27.8Co-0.3aluminum-2.2 Cu- 
XHf (0 X= 8.4) by the weight ratio. The presentation after mixing is 28.7Nd- 
2.2Dy-1 .1 Tb-BAL.Fe-7.4Co-1 .1 B-0.4aluminum-0.3 Cu-XHf (0 X= 1 .0). 
[0092] It was made the presentation of 28.0Nd-1 .3 Dy-BAL.Fe-7.3Co-1 .3B- 
0.2aluminum-0.5 Cu-XHf (0 X= 0.7) by the weight ratio, and nine to example 3 
hardener made assistant ****** the presentation of 36.0Nd-10.2 Dy-BAL.Fe- 
25.8Co-0.2aluminum-2.4Cu by the weight ratio. The presentation after mixing is 
29.0Nd-2.3 Dy-BAL.Fe-9.5Co-1.2B-0.2aluminum-0.7 Cu-XHf (0 X= 0.7). 
[0093] It was made the presentation of 27.0Nd-1.2 Tb-BALFe-3.7Co-1.2B- 
0.4aluminum-0.3 Cu-XHf (0 X= 0.7) by the weight ratio, and nine to example 4 
hardener made assistant ****** the presentation of 36.9Nd-10.2 Tb-BAL.Fe- 



30.2Co-0.3aluminum-3.3Cu-0.7Hf by the weight ratio. The presentation after 
mixing is 28.2Nd-2.3 Tb-BAL.Fe-6.9Co-1.1B-0.4aluminum-0.7 Cu-XHf (0 X= 0.7). 
[0094] The obtained result is shown in Tables 9-12. Tables 9-12 show what 
added Hf excelling [ case / any / of an example 9-1 , an example 9-2, an example 
9-3, and an example 9-4 ] the additive-free thing in Br, iHc, and a square shape 
ratio, and having expanded, when an optimal sintering temperature field also 
adds Hf further. 
[0095] 
[Table 9] 



mmm 9-1 



Hf a 




Br 


iHc 




0 


i.oso'Co^ 


13.43 


14.8 


0.966 


0.2 


1,020- l,060t 


13.48-13.59 


16.2- 16.8 


0.961-0.965 



[0096] 
[Table 10] 



%mm 9-2 



Hf a 


ass** 


Br 


iHc 




0 


l,030'C*>* 


12.85 


17.6 


0.962 


1.0 


1,030- 1.070^ 


12.91-13.01 


18.3-18.8 


0.962-0.964 


[0097] 










[Table 11] 

%mm 9-3 








Hf a 




Br 


iHc 




0 




13.18 


16. L 


0.966 


0.7 


1,030- 1,070^ 


13.31-13.36 


16,7- 17.1 


0.964-0.968 



[0098] 

[Table 12] 

mmm 9-4 



Hf a 




Br 


iHc 




0 


1,020^ SO* 


13.16 


16.8 


0.961 


0.7 


1,020- 1.060TC 


13.25- 13.32 


17.5- 18.1 


0.966-0.969 



[0099] Furthermore, in any [ of an example 9-1 an example 9-2, an example 9-3, 
and an example 9-4 ] case, when the element distribution image by EPMA was 
seen, as for Hf addition article, the HfB compound 5 micrometers or less 
deposited [ the diameter ] finely uniformly at intervals of 50 micrometers or less. 



Moreover, as for this HfB compound, the quantitative analysis by EPMA showed 
that Hf and B were principal components. 

[0100] These things show having added Hf also in two alloying methods, having 
controlled abnormality grain growth and having expanded optimal sintering 
temperature width of face by depositing a HfB compound finely uniformly in a 
sintered compact. 

[0101] In addition, carrying out the RF dissolution of the assistant ******, and 
casting and carrying out hydrogenation and half dehydrogenation treatment to 
water-cooled mold or single **'s producing assistant ****** with a congruence chill 
roll method, and it carrying out hydrogenation and half dehydrogenation 
treatment, and the approach of single ** producing assistant ****** with a 
congruence chill roll method, and carrying out coarse grinding by BURAUMMIRU 
etc. are also effective in this invention. 
[0102] 
[Table 13] 





P^AB, (%) 








Zr O(Jfctt09> 


93.2 


2.2 


3.9 


Zr 0.2 


93.1 


2.1 


0.6 




Zr 0.01 


94.1 


0.9 


4.0 


Zr 0.3 


94.2 


0.8 


1.3 


Zr 1.2 


93.7 


1.0 


1.4 


him 3-1 


zr oomm 


95.0 


1.1 


4.1 


Zr 0.45 


95.0 


1.0 


0.5 




zr oomw) 


94.8 


0.6 


5.2 


Zr 0.39 


94.4 


0.5 


1.3 


MM 3-3 


Zr O(Jfc«0!) 


96.8 


2.0 


3.5 


Zr 0.11 


96.7 


2.1 


0.8 


ISJM 3-4 


Zr 0(ttiM) 


89.1 


0.2 


3.9 


Zr 0.45 


89.2 


0.1 


2.0 


^Kfi#J4 

//IIS 1/ J *± 


Nb 0(it«*0 


94.2 


1.2 


4.9 


Nb 0.2 


94.1 


1.1 


0.8 


MM 5 


Nb 0.01 


91.1 


1.9 


5.0 


Nb 0.57 


91.2 


1.8 


1.7 


Nb 1.15 


90.2 


2.0 


1.7 


Mfc#i6-1 


Nb 0(JtlftW) 


92.0 


2.1 


4.5 


Nb 0.4 


92.1 


2.0 


0.9 


MM 6.2 


Nb 0(tt&fl) 


94.7 


0.4 


6.1 


Nb 0.7 


94.6 


0.3 


1.0 




Nb 0(Jt»W) 


95.8 


1.0 


3.8 


Nb 0.1 


95.7 


1.1 


1.8 




Nb 0(WS«) 


88.1 


1.2 


3.5 


Nb 0.4 


88.2 


1.1 


1.0 




Hf O(JtlM) 


91.2 


2.2 


4.9 


Hf 0.4 


91.1 


2.1 


0.7 


mm 8 


Hf 0.01 


94.8 


1.9 


5.0 


Hf 0.41 


94.9 


1.8 


0.3 


Hf 1.22 


94.0 


2.0 


0.4 


mm*i 


Hf ovmw) 


88.0 


1.6 


6.1 


Hf 0.2 


88.0 


1.7 


1.5 


mm 9-2 


Hf 0(J*##J) 


91.3 


2.6 


4.2 


Hf 1.0 


91.4 


2.5 


1.1 


mm&s 


Hf o(tmw) 


96.8 


1.0 


3.7 


Hf 0.7 


96.9 


1.1 


0.5 


mm 9-4 


Hf 0(J±&#J) 


90.1 


0.3 


3.3 


Hf 0.7 


90.0 


0.4 


1.0 



[0103] 

[Effect of the Invention] According to this invention, the R-Fe-B system rare earth 
permanent magnet ingredient of a high property can be obtained. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2 **** S hows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the relation between the sintering 
temperature of Zr-less elegance and elegance with Zr in an example 1 , and a 
square shape ratio. 

[Drawing 2] It is the graph which shows the relation between the sintering 
temperature of Zr-less elegance and elegance with Zr in an example 1, and iHc. 
[Drawing 3] It is the graph which shows the relation between the sintering 
temperature of Zr-less elegance and elegance with Zr in an example 1 , and Br. 
[Drawing 4] It is the polarization image of Zr-less elegance (a) and elegance with 
Zr (b) in an example 1 . 

[Drawing 5] It is the graph which shows the relation of the different sintering 
temperature of the alloy of the amount of Zr and the different square shape ratio 
in an example 2. 

[Drawing 6] It is the graph which shows the relation of the different sintering 
temperature of the alloy of the amount of Zr and different iHc in an example 2. 
[Drawing 7] It is the graph which shows the relation of the different sintering 
temperature of the alloy of the amount of Zr and different Br in an example 2. 
[Drawing 8] It is the graph which shows the relation between the sintering 
temperature of Nb-less elegance and elegance with Nb in an example 4, and a 
square shape ratio. 

[Drawing 9] It is the graph which shows the relation between the sintering 
temperature of Nb-less elegance and elegance with Nb in an example 4, and iHc. 
[Drawing 10] It is the graph which shows the relation between the sintering 



temperature of Nb-less elegance and elegance with Nb in an example 4, and Br. 
[Drawing 1 1] It is the graph which shows the relation of the different sintering 
temperature of the alloy of the amount of Nb(s) and the different square shape 
ratio in an example 5. 

[Drawing 12] It is the graph which shows the relation of the different sintering 
temperature of the alloy of the amount of Nb(s) and different iHc in an example 5. 
[Drawing 13] It is the graph which shows the relation of the different sintering 
temperature of the alloy of the amount of Nb(s) and different Br in an example 5. 
[Drawing 14] It is the graph which shows the relation between the sintering 
temperature of Hf-less elegance and elegance with Hf in an example 7, and a 
square shape ratio. 

[Drawing 15] It is the graph which shows the relation between the sintering 
temperature of Hf-less elegance and elegance with Hf in an example 7, and iHc. 
[Drawing 16] It is the graph which shows the relation between the sintering 
temperature of Hf-less elegance and elegance with Hf in an example 7, and Br. 
[Drawing 17] It is the graph which shows the relation of the different sintering 
temperature of the alloy of the amount of Hf(s) and the different square shape 
ratio in an example 8. 

[Drawing 18] It is the graph which shows the relation of the different sintering 
temperature of the alloy of the amount of Hf(s) and different iHc in an example 8. 
[Drawing 19] It is the graph which shows the relation of the different sintering 
temperature of the alloy of the amount of Hf(s) and different Br in an example 8. 
[Drawing 20] (a) and (b) are microphotographies in which the huge abnormality 
growth grain in the conventional example is shown, respectively. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1 This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




0.5 1 1 1 1 i J— 

102O 1040 1060 1060 1100 



[Drawing 2] 



£ 14 
13 
12 















i 




* — — _ 


' ■ 


i 












" ,, V" } 

v. 


















► 




— 0— ZrfcL 

. i 

















1020 1040 1080 1080 

££££ a) 



[Drawing 3] 
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[Drawing 5] 
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[Drawing 6] 
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[Drawing 4] 
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[Drawing 11] 
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[Drawing 12] 
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[Drawing 13] 
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[Drawing 14] 



0.7 
0.0 - 
0.5 



— O — HffttU 



1000 



1020 1040 1080 



1080 



[Drawing 15] 

16 



15 



1 u 

u 

£ 13 
12 
11 



1000 















































Kfiff Lr 1 



















1020 1040 1080 



1080 



[Drawing 16] 
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[Drawing 17] 
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[Drawing 18] 
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[Drawing 19] 
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[Drawing 20] 
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